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PREFACE 



TO THE SECOND EDITION. 



In preparing a Second Edition of my Laboratory Text- 
Book I have complied with a generally expressed wish, 
and have separated, for the convenience of a large number 
of students, the first or elementary part fi'om the second 
part, comprising a course of qualitative chemical analysis. 
Few alterations only were required in this volume, in 
making which I have been guided by my own experience 
of its working with a large Laboratory Class, and by a desire 
very widely entertained by practical teachers. An altera 
native method for the examination of the precipitate pro- 
duced by ammonic chloride, ammonia, and ammonic sulpliido 
in Group III has been inserted in a tabular form at page 50, 
which, when worked with proper care, will be foimd easier 
of execution and yet sufficiently accurate. 

Convinced as I am that the reactions by which the rarer 
elements may be distinguished can only be studied properly 
by taking full cognisance of their history, and as this is not 
done at present in the usual Lecture Com-ses, I have thought it 
best to abstain from unnecessarily complicating the systematic 
course of qualitative analysis, and to insist rather upon a more 
thorough mastery of the reactions of the conunon elements 
and their compounds. My experience is that a student 
readily practises those special methods which are usually 
followed when rarer metals are supposed to exist in any sub- 
stance under examination, when once he has thoroughly 
mastered the general methods. 

For similar reasons little or no cognisance has been taken 
of the more recent brilliant additions to our analytical know- 



IV PREFACE. 

ledge in the form of Spectral Analysis, especially as it is 
within my knowledge that an elementary treatise on Spectral 
Analysis will shortly be published by those most capable of 
dealing with this subject. Spectral Analysis, with all its 
appliances, must form a special branch of chemical analysis, 
if it is to be dealt with as it deserves. 

The analytical tables, which are the result of long ex- 
perience in the laboratory, are now for the first time pub- 
lished also in a separate and less destructible form, printed 
on Messrs. De la Rue's parchment paper. 

In conclusion, I have to thank Mr. Geo. Chaloner, of the 
London Association of Correctors of the Press, for his valuable 
assistance in the arduous task of correcting proof-sheets. 

Chsmioal Labobatobibs, 
SoiBNCB Schools, 

South Kensington, 
JamKMry 1, 1873. 
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Chapter I. 

DEFINITION OP QUALITATIVE ANALYSIS.— RE- 
AGENTS. — CHEMICAL OPERATIONS. — GROUP- 
REAGENTS AND SPECIAL REAGENTS. 

Chemical analysis consists in the performance of certain experi- 
ments : — with the object of putting, so to speak, certain questions 
to a substance, in order to ascertain the presence or absence of 
certain bodies. It is termed qualitative analysis, if the answer which 
is received reveals merely what kind of matter is present (from 
qualis), without regard to quantity. It is essential that these 
questions should not be put at random, but according to a well- 
considered, systematic order ; and that the answers should be inter- 
preted correctly. 

We have already seen, that there exists a resemblance between 
certain elementary as well as certain compound bodies ; at the same 
time the metallic, like the non-metallic elements, bear the stamp 
of a marked individuality which renders every classification, from 
whatever point of view we attempt it, more or less difficult — a 
difficulty which extends likewise to the various compounds which 
the elements form. Thus silver, which is classified with the 
monad metals potassium and sodium, diffijrs in a marked manner 
from the alkali metals. Iron, which exists in the dyad form in 

iPeCl 
PePl' 

(ferric chloride), partakes in the dyad form of the character of the 
isomorphous diatomic metals of the magnesium group, e.g., man- 
ganese and zinc, and resembles in the tetrad form aluminum and 
chromium. Copper, which in its cupric compounds offers certain 
points of resemblance to the magnesium group, resembles also in 
many respects the metals of the mercury group;* the general com- 
position of the cuprous and mercurous and the cupric and mercuric 
oxides and chlorides being the same. Inorganic (as well as organic) 
compound bodies bear, for the most part, the impress of the 
elementary bodies which enter into their composition; and com- 
pounds built up of elements which have equal numbers of bonds, 
frequently show a certain analogy in their structure as well as a 

* H. Wurtz, Le9ons de Philosophie chimique, p. 170. 

B 
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considerable similarity in their reactions. In studying the chemical 
changes to which the various bodies — elementary or compound — 
can be submitted, our attention must be mainly directed towards 
discovering and defining this similarity and dissimilarity. 

We employ reagents as the means of producing chemical changes. 
By reagents are meant bodies — either elementary or compound — 
which are capable of reacting upon and revealing to us the nature of 
the substances under examination. They are usually divided, with- 
out any strict line of demarcation, into two classes ; viz., general and 
special reagents. G-eneral reagents are those which separate a number 
of substances — groups in fact— at one operation ; and special reagents 
those which are used to a limited extent only, and for the detection 
of individual substances. 

In a laboratory the general reagents are most conveniently 
arranged over the working table within reach of each operator; 
whilst the special reagents intended for the use of a number of 
chemical students, are usually placed in a freely accessible part of 
the laboratory. 

A list of reagents, as well as directions for their preparation, 
will be found in the Appendix. Chemical students who have not 
the advantage of working in a well-appointed laboratory, should 
devote much attention and care to the preparation of the reagents. 

Ctaemical Operations. — We add a 

reatrent to a solution of an unknown 
body either by pouring it directly from the 
bottle, OP by running it from a pipette, as 
shown in Fig. 1, with the view of produein!^ 
a precipitate, i.e., of converting the body 
from the soluble to the insoluble state. The 
reaction which takes place is mostly a change 
hy double decotnposition. Sometimes a pre- 
cipitation is produced by voltaic action, 
sometimes merely by the substitution of 
one solvent for another. One or more 
bodies may be precipitated by one and the 
same reagent. As most precipitates are 
heavier than the Uquid in which they are 
suspended, tbey fall to the bottom with 
more or less rapidity ; and the supernatant 
liquid may often be poured off or decanted, 
without much disturbing the precipitate. 
This mode of separating fluids from preci- 
pitates is by far the most expeditious, and 
should be resorted to whenever it is appli- 
cable. The precipitate may be washed in 
the vessel itself by treatment with hot water 
and repeated decantation. 

When a large quantity of a fluid has to 
be removed from a precipitate, it is best 
to siphon off the supernatant fluid. The 
precipitate may be washed with water, and 
the wash-water siphoned off repeatedly. 

Small quantities of a precipitate which 

do not subside readily are more quickly 

Fio. 2. separated by nitration. For this purpose 




Fio. 1. 
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•e ueed, moetlj of glue, conical in shape, and inclined at an angle of 60°. 
Thej maj be conieniently BuppDrt«d on a wooden stand, Fig. 2, or an iron or brew 
lllterinc lUtnd oa seen in Fig. 3. The fllteiinff paper should be poroua and 
unaixed, and cut in the form of a round giioet, whith bj being folded twios in 
tlie shape of a quadrant, forms, on opening up, a paper cone, at an angle of 
60°. The Alter should exactly fit the funnel, without reaching quite to the 
rim, and should be moistened in the funnel with dialilled water befone any 
liquid is poured through it. Ae moat kinda of Bltering paper contain traces of 
iron, lime, silica, etc., — with the eiception of the ao-oalled Swediah filtering 

Eiper, which contains scarcely pereeptible traces of mineral aubatancoa, — acid 
ijuids freijuenHj dissolve out traces of these bodies. In all accurate analyses the 
filtering paper aLould, on this account, be wanhed first with dilute hydrochloric 
or nitrio acid, and then with hot water, before being used ; or else Bwedjih filter 
paper only ahould be employed. 

Moat precipitates retsiu with great perfinacity traces of the fluid in whioh 



t importance to thoroughly 



hey were suspended, and it ia therefore of the u( 
wash them in order to obtain accurate 
results. Porthis purpose a wagh-bottle 
(Fig. 3) is employed, whereby a fine jet 
of hot or cold distilled water can be di- 
rected on to the filter in such a manner as 
to loosen and detach the precipitate from 
the paper. The liquid ahould a 
quite fill the filter, aa some procipilalea 
have a tendency to creep up and to get 
between the paper and the glass, and are 
carried into thL> dltratc. This would 
entail repeated filtration. The waehing 
of a precipitate on the filter is effected 
most rapidly by allowing the wash water 
to run ofi' entirely each time before adding 
Iresh quantities of distilled water. By re- 
peating this four or five times, most pre- 
cipitates will be found sufficiently washed 
for qualitatiie purposes. 

The student should guard himself agaii 
substance which he wishes to Bianiine. Heavy pr ^ 
an operation which ia most tedious and yet indispensable. 

Ten tQbea answer the purpose of precipitation and separation in qualita- 
tive analysis, especially as there is generally no need foe collecting the wash-water 
or adding it to the main filtrate. These tubes are conveniently placed in a tttU 
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tube stand (Fig, 4). After being well cleansed bj tlio aid of a test-tube 
brugh, and rinsed out with distilled water, tlioj should be set aside to drain in a 

Beakera are sometimes emplojed if an anoljsiB involres the separation of a 
nntill quanCitj of one eubstancis from a large amount of anotlier, and when, of 
necessity, large quantities of the substance must be operated upon. 

Porcelain dlahcs are employed for the purpose of concentration, or evapora- 
tion and ignition. They con be heated either by means of a Bplrlt lamp 
(Fig. 5), or a Bo-L'alled Benclln* lamp (Fig. 6), 
or, where coal gae can be procured, by means of a 
# jA BunsTll s'B* lamp, provided with a ro^e t«p. 

M JWL Sometimes a sheet of iron wire gauze or a sand- 

^SKM|R^^ l»>th is interposed between the porcelain vessel and 

HpuakiCujll^^^ the gas flame, and is supported on a retort ring, 

f^B^^L^^P or tripod stand. Qluatrations of convenieot tripod 

^^^^^^^^^^ supports for porcelain and glass resseU, which 

^'"^ '■ prerent at the same time the flame from being 

blown about, hare been given in Vol. I. 

If solid substances have to be examined, tbey 
should always be powdered in a morlar — an 
agate mortar should be employed for liard sub- 
BtouL-es, such as minerals — before being dissolved in 
water, acid*, fc. 

Reactions involying the nse of valuable re- 
agents — such as salts of gold, platinum, silver— 
should be performed on wateli-Kla«8CB, with 
small quantities of the substance only. 

For the Ignition of precipitates we employ 
mostly porcelain crucibles, or small porcelain 




laljBie 

1. To recognise wUh speed and rertainty 
the pfeseriee of varwas eleraetdary 
and coinpound bodies. 

2. To effeet their separation from each 

In order to accomplish, this we shall 
Pjj g Binidy more particularly those chemical re- 

actions- —both in the dry and in the wet 
way — which are essential ; but shall endeavour, at the same time, 
to give afi complete a view as possible of other chemical changes 
which serve the purposes of qaalitative analysis, and which on this 
and other grounds possess considerable interest. 

We shall confine ourselves to the study of the 36 most important 
elements and their compounds. 

There are certain reagents which effect the separation of a num- 
ber of bodies contained in a common solution, leaving all the others 
in solution. Such general reagente are then called group-reagents. 
Dissolve in water small qnantities of 

Argentic nitrate* 



differei 






ning five milligrammes of the 



snisntly prepared and kept for ui 



SEPARATION INTO GROUPS. 



ft 






Cupric nitrate. 
Gobaltio 
Banc 
Fotassic 
To the solution add — 

HCl, a white curdy precipitate is obtained, which consists of ari^entle 
chlortde, AgCl ; filter. To the filtrate add— 

SHst a hlacJc precipitate is obtained consisting of cupric salphidc, OuS ; 
filter again, and to the filtrate add — 
AmCl, *] ■ 

AraHo, I A hlach precipitate comes down consisting of cobaltous sulphldCy 

and I OoS ; filter, and to the filtrate add — 
SAmj. J 

OOAmo^, a white precipitate is obtained, consisting of baric carbonate, 
OOBao" ; filter, evaporate the filtrate and ignite to driye off the ammonio salts. 
A white saline residue is left, containing the potassic salt. 

What were the chemical changes that took place ? 

The changes were evidently produced hy the mvtual exchange of 
elements in two bodies (changes by double decomposition) : i.e., the 
hydrochloric acid added in Group I to the solution of the metallic 
nitrates, exchanged its hydrogen for the silver of the argentic nitrate ; 
and the sulphuretted hydrogen exchanged its hydrogen for the metal 
copper, leaving nitric acid and cupric sulphide, etc. 

The reactions may be eacpressed by the following equations : — 



VOsAgo 

Argentic 
nitrate. 

Cupric 
nitrate. 

S8:coo" 

Cobaltous 
nitrate. 

Baric 
nitrate. 



HCl 



SAnij 



= AgCl 

Argentic 
chloride. 

OuS* 

Cupric 
sulphide. 

Cos 

Cobaltous 
sulphide. 



NO2H0. 



2irOsHo. 



2MOsAmo. 



OOAmo2 



COBao'' 4- 2N0sAmo. 

Baric 
carbonate. 



Silver, copper, cobalt, and potassium are, however, not the only 
metals which might have been separated by these same reagents. 

The following table exhibits the five groups into which all 
metallic bodies classify themselves on the addition of the several 
group-reagents. 

* It is immaterial whether we write SCu or OuS, since both sulphur and 
copper are dyad elements. 
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GROUP-REAGENTS AND SPECIAL REAGENTS. 7 

Thus far group-reBgentB assist us in separating bodies, but when, 
as in Group IV, the white precipitate produced by the group- 
reagent, COAmo2, leaves us still in doubt whether a barium, stron- 
tium, or calcium compound was present in the solution, further 
experiments must evidently bo made with a view of completely 
identifying the substance under examination. This the student 
will only be able to do by making himself first practically familiar 
with the different changes or reactions which the members of the 
various groups of metals can be made to undergo : and after under- 
standing the use of the group- reagents, he. should direct his atten- 
tion to the special reactions which distinguish and separate one metal 
from another or from several others. This may frequently be done 
in more than one way ; one reaction, however, as a rule, deserves 
the preference over others, on account of the greater exactness which 
distinguishes it, or on account of increased fecility of execution, or 
of both. 

Certain reactions, lastly, will have to be studied, which are not 
directly available for the separation of the members of a group from 
each other, but to which considerable interest is attached as being 
illustrative of some valuable property or other of the metals. 

The tabular form, which is, no doubt, the most compact and 
summary mode of arranging chemical reactions, will often be adopted 
for embodying such reliable and expeditious methods of separation 
as have stood the test of experience in the laboratory. The direc- 
tions given will be concise and divested of all explanatory matter. 
On no account should a student use any tabular directions, however, 
without first having made himself practically acquainted with the 
details of the i*eactions ; and to counteract any pernicious influence 
which the use of tables might have, the student should learn to draw 
up tables for the several other processes of separation which are 
frequently possible. 

A deviation from the natural course of studying the reactions of 
the metals by beginning with Group I, and so on, will be justified 
on the ground of greater simplicity, and on account of the far 
greater importance which is attached to the metals of Group V, 
especially the alkali metals. Experience has shown that students 
have less difl&culty in mastering the reactions by reversing the order 
of the groups, beginning with the study of the alkali and alkaline- 
earthy metals ; and that a thorough knowledge of the metals of these 
groups is of material assistance in understanding the qualitative 
changes to which the metals proper are subjected. 



Chapter II. 

REACTIONS OP THE METALS OP GROUP V. 

This group comprises the metals potassium, sodium, ammonium, and 
MAGNESIUM, which are not precipitated by any group-reagent. 



g POTASSIUM. SODIUM. 

1. POTASSIUM, K.— Occurs in nature only in a few minerals, 
of which nitre or saltpetre is the most important. Potassium is 
present in larger or smaller quantities in a few silicates and sul- 
phates, such as felspar, alumstone. It is also found in the ashes of 
plants {crude potashes), and in the form of chloride in saline deposits 
(at Stassfurth, in Prussia, and elsewhere). 

EEACTIONS IN THE DRY WAY. 

Potassium compounds, when heated on platinum wire in the 
inner flame of the blowpipe, impart a Tlolet colour to the outer flame. 

This applies more particularly to potassic salts which are volatile without 
decomposition at a very strong heat (such as potassic chloride, bromide, and 
iodide) or which are decomposed by heat ; but not to non-volatile potassic salts, 
such as phosphates or borates, wl.ich give scarcely any flame reaction. The pre- 
sence of sodium compounds gives rise to an intense golden-yellow flame, and con- 
ceals the potassium reaction ; but when seen through a blue glass, or indigo-prism, 
the vellow or sodium flame is entirely cut ofi", and the potassium flame becomes 
distinctly visible, and is then of a rich reddish-violet colour. 

REACTIONS IN THE WET WAY. 
We EMPLOY A SOLUTION OF POTASSIC CHLORIDE, KCl. 

PtCli (platlnlc chloride) precipitates from potassic solutions 
which are not too dilute, a yellow crystalline precipitate of potassic 
platlnlc chloride, 2KCl,PtCl4, insoluble* in alcohol and ether, as 
well as in acids. 

rCOHo 
CHHo (tartaric add) precipitates white crystalline hydric potassic 



HHo 
COHo tartrate, 



COKo 

CHFT * ^™ neutral and sufficiently concentrated 

^COHo 
solutions. The precipitate settles rapidly, especially on shaking or stirring. 

2HF, SiF4 (hydrofluosilicic acid) gives a white gelatinous precipitate of 
potassic slllcofluorlde, 2KF,SiF4. 

Potassic salts are for the most part soluble in water, hence so 
few reactions ; the hydrate and carbonate constitute two important 
reagents, on account of the ,e^eat affinity which the powerful base 
potassa possesses for the acids with which the metals of other groups 
may be combined. 



2. SODIUM, Na. — Occurs in nature in vast masses, as roch salt, 
NaCl ; as carbonate, in native soda, CONao2,10OIl2, and in trona, 
OONao2,2COHoNao,30H2 ; as nitrate, in cubic nitre, or Chili salt- 
petre, N02Nao ; as sulphate or glauher salt, SO2Nao2,10OH2 ; as hibo- 
rate, B4O6N'ao2,10OH2 ; as glauberite, S204Nao2Cao", and &s cryolite, 
6NaF,Al2F6, and in many silicates, of which albite may be taken 

* The degree of solubility of a precipitate in different media can only be 
ascertained by laborious quantitative experiments. The student will therefore be 
expected to verify only those statements respecting the solubility of the precipi- 
tates which require no quantitative knowledge. 
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as the representative. All natural sodium compounds, with the 
exception of the last two minerals, are soluble in water. 

EEACTIONS IN THE DRY WAY. 

We almost exclusively rely for the detection of sodium upon 
the characteristic colour — an intense solden yellow — which its com- 
pounds impart to the outer flame of the blowpipe. Some sodic salts 
are readily recognised by their characteristic taste, especially rock 
salt and cubic nitre. 

REACTIONS IN THE WET ^^Y. 

We employ a solution of sodic chloride, NaCl. 

Sodic salts are even more freely soluble than potassic salts, 
and platinic chloride or tartaric acid give no precipitates. Hydro- 
fluosilicic acid gives a gelatinous precipitate from concentrated 
solutions only. 

SbO^Ko (potasHic metantlmonlate) produces a lohite crystalline pre- 
idpitate of sodic metaiitlmoiilate from neutral or alkaline solutions, if tney 
are not too dilute. The precipitate is insoluble in alcohol. (The solution should 
only contain alkali metals.) 

Sodic hydrate and sodic carbonate act in every respect like 
potassic hydrate and carbonate. Pure sodic hydrate is now prepared 
trom the metal sodium, and deserves the preference over potassic 
hydrate.* 



3. AMMONIUM.— Am = NH4. 

reactions in THE DRY WAY. 

Ammonic salts, when heated in a test-tube, volatilize, either 
entirely or partially. Salts with fixed acids, such as phosphoric 
acid, lose ammonia, NHs. Salts of ammonium with volatile acids 
can be volatilized, either with decomposition, such as the nitrate, 
nitrite, sulphate; or without decomposition, such as the chloride, 
bromide, iodide : the latter salts condense again unchanged ; they 
suhlime, and are found in the upper part of the test tube. 

REACTIONS in THE WET WAY. 

We employ a solution of ammonic chloride, AmCl. 

PtCii produces a heavy yellow precipitate of ammoiilc platlnle 
chloride, 2AmCl,PtCl4. The precipitate is soluble in much water 
(hence there appears no precipitate from dilute ammonic solutions) ; 
but insoluble in alcohol and ether. Ammonic platinic chloride 
leaves on ignition only spongy platinum. (Distinction from 
Potassic Platinic Chloride, which leaves spongy platinum and 
potassic chloride, Pt + 2K01). 

* The student should make himself quite familiar with the properties of the 
Tarious salts of potassium and sodium, also with the interesting processes of 
manufacturing sodic carbonate from the chloride ; sodic silicate {toater-gUus) ; 
potassic chlorate, &c., &c. 
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Tartaric add produces from a concentrated solution of amnionic chloride 
a white crystalline precipitate of taydric ammoiilc tartrate, resembling the 
potassium precipitate in its properties. The two precipitates are readily distin- 
guished on ignition. Hydric potassic tartrate leaves a carbonaceous residue, 
which is strongly alkaline, and dissolres in water (potassic carbonate) j the other 
leaves merely a residue of carbon, devoid of any alkaline reaction. 

Ammonic salts are decomposed with, evolution of ammonia gas 
when heated with a hydrate of an alkali (KHo, NaHo), or alkaline 
earthy metal (BaHog, CaHoa), thus : — 

2AmCl + CaHo, = 2NH3 + CaClg -f 2OH2. 

Neutral salts of certain polybasic acids, e.g.^ well dried alkaline 
chromates, borates, phosphates, etc., readily decompose ammonic 
salts, with evolution of ammonia gas and formation of acid salts, 
thus : — 

r CrOzKo 
2Cr08Ko2 + 2AmCl = <( O + 2NHs -f 2KC1 + OH2. 

L CrO^Ko 

Ammonia gas is readily recognised, 1st, by its pungent odour; 
2nd, by its turning red litmus pa/per, moistened with a drop of dis- 
tilled water, blue ; 3rd, by its combining with the vapour of volatile 
adds (such as hydrochloric acid) to form white fumes (AmCl). 

Nessler^s test* for traces of ammonia. — If a potassic solution of 
potassic mercuric iodide, 2KI,Hgl2, be added to a fluid containing 
mere traces of ammonia or of an ammonic salt, a hrown precipitate 
of dimercurammonic iodide or a yellow to hroiun coloration is pro- 
duced, according to the quantity of the ammonium compound 
present — 

2(2KI,Hgl2) -f 3KHo -f NH4Ho = NHg"2l,OH2 + 7KI -h SOH,. 

Brown pp. 

Ammonic hydrate and carbonate, as well as various other 
ammonium compounds, e.g.^ ammonic chloride, are among the most 
useftil reagents which we possess. 

QUESTIONS AND EXERCISES. 

1. Mention some natural compounds in which potassium occurs. 

2. How are potassium compounds recognised in the wet way ? 

3. How can potassium and sodium compounds be distinguished before the 

blovq)ipe flame ? 

4. State how you would ascertain whether the veUow precipitate produced by 

platinic chloride indicates the presence of a salt of ammonium or potas- 
sium, or of both. 

5. How can hydiic potassic tartrate be distinguished from hydric ammonic 

tartrate? 

6. How can sodium compounds be recognised in the wet way ? 

7. Which sodic salts are found native ? 

8. What changes do the following ammonic salts undergo upon ignition : — 

ammonic chloride, ammonic nitrate, ammonic nitrite, ammonic phosphate, 
IPOAmog, animonic carbonate, COAmoj, ammonic iodide ? 

* For the preparation of Nessler's solution, see Appendix. 
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0. How is spongj platiimin prepared ? 

10. How woidd you test for mere traces of ammonia P 

11. How much spongy platinum is obtained from 2*845 grms. of ammonic 

platinic chloride ? 

12. How much dry ammonia gas by volume (litres) and weight can be obtained 

by distillation with calcic hydrate from 5 grms. of ammonic chloride P 

13. How would you examine a mixture containing ammonic chloride and potassic 

chloride ? 

14. 2 grms. of the mixed chlorides of potassium and sodium gave by precipi- 

tation with platinic chloride 3*671 grms. of potassic platinic chloride, 
2KCl,]PtCl4 ; what is the percentage of potassium and sodium in the 
mixed chlorides ? 

15. A mixture of 1*5 grm. of sodic and ammonic chloride lost on ignition '234 

grm. ; what is the percentage of ammonic and sodic chloride present in 
the mixture 1 

16. Calculate the percentage composition of borax. 



4. MAGNESIUM^ Mg. — Occurs in nature as oxide, in the 
mineral jpericlase, MgO ; as hydrate in brtcdte, MgHo2 ; as carbonate 
in magnesite, OOMgo", and in hydromagnesite, 030Ho2Mgo"4,3OH2 ; 

CO 

as DOUBLE CARBONATE in dolomite, QQCao"Mgo", and mesitine spar, 

CO 

|-j^Mgo"Feo" ; as sulphate in epsomlte, SOHo2Mgo",60H2 ; as phos- 
phate in warpierite, P202Mgo"22 (^ -p Mg" j ; as silicate in pericZo^e, 
SiMgo"2, enstatite, SiOMgo", steatite^ Si405Mgo"3, tdlc, SijOeMgo"*, 
serpentine, iSf^i'-Mgo", rneerschau,n, aUO^oMgo\ and in 

SiO 
diopside, gir)C)ao"Mgo"; and lastly, as borate in boracite, B809Mgo"3. 

reactions in the dry way. 

The most characteristic reaction for magnesia in the dry way is 
the pale rose colour which this alkaline earth acquires on moistening 
with cobaltous nitrate, and then igniting it once more strongly on 
charcoal. 

This colour can, howerer, only be relied on when no other metallic oxides are 
present ; and as magnesium salts do not colour the outer blowpipe flame, recourse 
must almost invariably be had to the reactions in the wet way. Ignition of the 
sulphate on charcoal in the reducing flame yields the sulphide, BKgrS. Prolonged 
ignition of the carbonate yields caustic magnesia, which is almost insoluble in 
water. 

REACTIONS IN THE WET WAY. 

For this purpose a solution of magnesic chloride, MgCl2, or 
MAGNESio SULPHATE, S02Mgo", is employed. 

Magnesia is not precipitated by ammonia in the presence of 
ammonic chloride, because it forms a soluble double chloride, 
2AmCl,MgCl2. In the absence of ammonic chloride, part of the 
magnesia is precipitated as hydrate, MgHo2, thus : — 

2MgCl2 + 2AmHo = MgHo2 + 2AmCl,MgCl2. 

Soluble double chloride. 
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In the presence of a sufficient amount of amnionic chloride the 
magnesic hydrate is at once decomposed into magnesic chloride 
(MgHoj -h 2AmCl = MgCl2 -f 2AmHo), and no precipitation takes 
place, nor is the double chloride precipitated by ammunic, sodic, or 
potassic carbonate. Hence magnesium cannot be precipitated in 
Groups III and lY, provided a sufficient amount of ammonic chloride 
he present, and the solution he kept sufficiently dilute. 

Potassic, sodic, calcic, and baric hydrate precipitate white 
mairneslc hydrate, nearly insoluble in cold and hot water. Ammonic 
chloride, as well as other ammonic salts, dissolves it readily, or, if 
originally present in sufficient quantities, prevents its formation. 

Sulphuric, hydro fluosilicic, and oxahc acid form soluble magnesic 
salts. 

POHoNao2 (bydric dlsodlc phosphate) precipitates hydric 
mairneslc phosphate, POHoMgo". 

The precipitation is complete in the presence of anmionic chloride 
and ammonia. POAmoMgo",6Aq, amnionic magnesic phosphate, 
falls as a white crystalline precipitate. The separation from a dilute 
solution of a magnesic salt is promoted by gentle heat, and by 
stirring with a glass rod. The precipitate is but slightly soluble in 
water and ammonic salts. In water containing ammonia it is 
practically insolable. Dilate mineral acids dissolve it as well as 
acetic acid. From very dilute solutions the precipitate separates 
only on standing for about 24 hours in a warm place. 

On heating magnesic chloride with precipitated mercuric oxide, the chloride 
Is converted Into oxide, mercuric chloride heing volatilized. This experi- 
ment must be conducted in a closet which is provided with a good indraught of 
air, and is in connection with a chimney flue. 

Methods for the recognition of Mg, K, Na, and Am will readily 
suggest themselves, if we bear in mind — 

1st. The volatility of amrnonic salts (phosphates and borates 

excepted). 
2nd. The insolahility of MgHo^ in water, 
3rd. The vnsoluhility of 2KCl,PtCl4 in alcohol, 
4th. The intense yellow coloration which sodium imparts to the 

blowpipe flame. 

A solution containing salts of Mg, K, Na, and Am, may be 
examined as follows : — 

1st. Heat a portion with NaHo ; ammonia gas is given off, which is recognised 
by its pungent odour, etc. — presence of Am. 

2nd. To a second portion add AmCl, AmHo, and POHoNao2, & tohite crystalline 
precipitate indicates the presence of XtKg*. 

8rd. Evaporate a third portion to dryness and ignite strongly. Extract with 
hot water, and add BaHoj till the whole of the magnesia is precipitated 
as Mgr^^ i Alter. To the filtrate add COAmo2, as long as a precipitate 
is produced, and filter again. Evaporate the filtrate to dryness, and ignite 
strongly to expel ammonic salts. Dissolve the residue m a little water, 
filter off a trace of Mgr^ (if ^^7)) B'Ud test filtrate for potassium by means 
of ]P'tCl4 ; a yellow crystalMne precipitate^— presence of K, and for 
sodium, by heating on a platinum wire before the blowpipe flame ; a 
golden yellow flame indicates the presence of Ma. 
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QUESTIONS AND EXERCISES. 

1. How is magnesic sulphate prepared — Ist, from magneaite; 2nd, ^m 

dolomite ? 

2. Which are the most important magnesium minerals ? Give constitutional 

and graphic formulae. 

3. How is magnesium detected in the dry way ? 

4. Explain the action which ammonia, potassic hydrate, and sodic carhonate 

nave upon solutions of magnesic salts in the presence of ammonio salts, 
and also without them. 
6. Describe fully the most characteristic reaction for magnesic salts in the wet 
way. 

6. How is magnesic chloride converted into oxide in the dry way ? 

7. How is magnesium separated from potassium and sodium ? 

8. Calculate the percentage composition of magnesite and epsomite. 

9. How much crystallized magnesic sulphate, SOHojMgo'^GOHj, can be pre- 

pared from one ton of pure magnesite ? 



Chapter III. 

REACTIONS OP THE METALS OP GROUP IV. 

This group comprises the metals barium, strontium, calcium, which 
are precipitated by ammonic carbonate from an ammoniacal solution 
in the presence of ammonic chloride. The latter prevents the pre- 
cipitation of magnesium (if present in sufficient quantities). 



1. BARIUM, Ba. — Occurs in nature chiefly in the form of 
heavy sjpar, S02Bao", and as witherite, COBao''. 

REACTIONS IN THE DRY WAY. 

Barium compounds, when heated on platinum wire in the inner 
blowpipe flame, impart a yellowish irreen colour to the outer 
flame, especially when treated with strong hydrochloric acid. 

Heavy spar heated on charcoal in the reducing flame is reduced to baric 
Btdphide, BaS, which fuses readily. This reaction is made use of to prepare, on 
a manufacturing scale, soluble baric salts from the sulphate. Baric carbonate is 
decomposed only bj ignition to a strong white heat. 

REACTIONS IN THE WET WAY. 

Baric salts are obtained by dissolving the native carbonate or 
wiiherite in acids.* Heavy sjpar is attacked by alkaline carbonates 
at a high temperature. By mixing on a small scale finely powdered 
baric sulphate with three to four times its weight of fusion mixture 

* Dilute acids (HCl or NO2H0) should be employed, as the baric chloride 
and baric nitrate, which result from the action of these acids upon witherite, are 
insoluble in the concentrated acids. 
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and heating in a platinum crucible over a gas flame, it is converted 
into baric carbonate, thus : — 

SOgBao" + CONaoKo = OOBao" + SOgNaoKo. 

Insol. in water. Soluble in water. 

On extracting the fused mass with hot water and filtering, 
OOBao" is left, from which, by the addition of the respective acids, 
small quantities of the different baric salts can be prepared. 

The same applies to celestine^ SOgSro". 

A SOLUTION OF BARIC CHLORIDE, BaC^, is employed. 

C0Am02 (ffroup-rcasent) precipitates white baric carbonate, 
OOBao", soluble with decomposition in acids ; somewhat soluble in 
ammonic chloride. With carbonic acid it forms a soluble acid car- 
bonate or dihydric dicarbonate, C202Ho2Bao", but is reprecipitated 
on boiling with evolution of carbonic anhydride. Baric carbonate 
is partially decomposed by alkaline sulphates, e.g.^ potassic sulphate 
into baric sulphate and alkaline carbonate. The decomposition is 
complete in the presence of free carbonic anhydride. 

CONao2 and COK02, same precipitate. 

£Ho and NaHo, free from carbonates, give from highly concentrated solutions 
a voluminous precipitate of baric hydrate, BaHoj, soluble in water. A solu- 
tion of the hydrate in water is known as haryta-water. It possesses a strong 
alkaline reaction, and great affinity for carbonic anhydride. 

AmHo gives no precipitate. 

SO2H02, as well as all soluble sulphates, precipitate heavy white 
grcmular baric sulphate, S02Bao", even from very dilute solutions of 
baric salts, insoluble in water, dilute acids and alkalies ; soluble to a 
perceptible extent in boiling concentrated hydrochloric and nitric 
acids and also in concentrated solutions of ammonic salts, but not 
if the precipitants are in excess ; soluble also in concentrated boil- 
ing sulphuric acid, with formation of dihydric baric disulphate, 
SjOiHogBao". The presence of an alkaline citrate greatly interferes 
with its precipitation. Solutions of strontic or calcic sulphate (two 
sulphates which are but slightly soluble in water, especially the 
former), constitute the most delicate test for barium. 

POHoNao2 (hydrlc dlsodlc phosphate) gives from neutral or alkaline 
solutions a white precipitate of hydrlc baric phosphate, POHoBao'', readily 
soluble in dilute nitric, hydrochloric or acetic acid. Perceptibly soluble in 
amnionic chloride. 

f CSOAmn 

I COAmo (*"**'*®****5 oxalate) gives from a moderately dilute solution 

{CO 
Sz-vBao", 

soluble in dilute nitric or hydrochloric acid. Soluble also in oxalic and acetic 
acids when freshly precipitated. 

CrOsKos (potassic chromate) gives a bright lemon yellow precipitate of 
baric chromate, CrOoBao", even from very dHute solutions, readily soluble in 
nitric, hydrochloric or chromic acid (Cr02Ho2) — ^reprecipitated by ammonia. — 
(Distinction fbom stbontic and calcic salts, which abe not pbecipitatbd 
7b0m dilfte solftions). 

2HF,SiF4 (hydrofluosllldc acid) gives a colourless crystalline pre- 
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cipitate of baric slllcofluorlde, BaFjjSiFi, which subsides quickly, 
especially upon the addition of an equal bulk of alcohol. It is 
somewhat soluble in water and in dilute acids, insoluble in alcohol. 
(Distinction op baeic from strontic and calcic salts, which give 
no precipitate.) 

Soluble baric salts, such as baric chloride, nitrate or acetate, 
constitute exceedingly useful reagents for the detection of acids, on 
account of the metal barium forming insoluble salts with most 
acids. 

QUESTIONS AND EXEECISES. 

1. How can baric sulphate be converted into baric nitrate or chloride ? 

2. Which are the natural compounds of barium ? 

3. Express in symbolic equations the different reactions for barium. 

4. Which are the most delicate reactions for barium ? 

6. How can barium be separated from strontium and calcium ? 

6. 1*236 grm. of witherite gave '965 grm. of baric sulphate ; what is the percentage 

of barium and of baric carbonate in the mineral ? 

7. A sample of heavy vpa/r contains 96'6 per cent, of pure sulphate. How much 

baric sulphide, and how much baric nitrate can be obtained from 1 cwt. 
of the mineral ? 



2. STRONTIUM, Sr".— Occurs in nature as sulphate, in the 
mineral celestine^ S02Sro" ; and as carbonate or strontlanite, COSro". 

EXAMINATION IN THE DRY WAY. 

Strontium compounds, when heated on platinum wire in the 
inner flame, colour the outer flame crimson. 

CeUstine, heated on charcoal in the reducing flame, is converted into strontic 
sulphide, SrS, from which the chloride may be prepared for blowpipe and other 
reactions, by treating the residue with hydrochloric acid. 

REACTIONS IN THE WET WAY. 
We use A SOLUTION op STRONTIC CHLORIDE, SrC^. 

COAmo2 (grroup-reasent) gives a white precipitate of strontic 
4»irbonate, COSro", less soluble in ammonic chloride than the 
corresponding baric carbonate ; soluble in dilute acids. Carbonic acid 
produces the soluble dihydric strontic dicarbonate, C202Ho2Sro", 
which is decomposed on boiling into normal carbonate, carbonic 
anhydride and water. 

OONaoa and COKog, same precipitate. 

S02Ho2, or a solnlile sulphate, produces a white precipitate of 
strontic sulphate, S02Sro". From dilute solutions a precipitate 
appears only after some tvme, especially if calcic sulphate be used 
as the precipitant. Heat assists the precipitation. The precipitate 
dissolves perceptibly in hydrochloric or nitric acid, but is insoluble 
m alcohol. It is insoluble also on boiling in a concentrated solution 
of ammonic sulphate, S02Ajno2. (Distinction between strontium 
AND calcium.) 

A solution of strontic sulphate in water precipitates baric salts. 
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I COA™^ (ammoiilc oxalate) precipitates strontic salts more readily 

{cso 
£jQSro", is 

readily soluble in dilute nitric or hydrochloric acid ; somewhat soluble in 
ammonic salts ; but sparingly soluble in oxalic or acetic acid. 

QUESTIONS AND EXEEOISES. 

1. Which are the principal strontium minerals ? 

2. How are strontic chloride and nitrate prepared — 1st from strontianite ; 2nd. 

from celestine 1 

3. Which are the most characteristic reactions for strontium ? 

4. How can strontium be distinguished from barium ? 

6. What is the percentage of strontium in strontianite and in celestine ? 
6. How can strontium be separated from calcium ? 



3. CALCIUM^ Ca". — Occurs in nature in the mineral, vegetable 
and animal kingdom in vast masses, in combination with carbonic, 
sulphuric, silicic and phosphoric acids. In plants it occurs combined 
with carbonic, sulphuric and phosphoric acids; in animals com- 
bined with phosphoric and carbonic acids. It is occasionally also 
found in minerals which result from the action of acids (such as 
nitric or arsenic acid) upon calc spar. 

The principal calcium minerals are the various calcic carbonates, 
differing in physical properties or in crystalline structure, such as 
calc spar, OOCao" (containing occasionally barium, magnesium, 
iron, manganese, lead, in variable proportions, and passing gradually 
into haryto-calcite and dolomite, siderite, diallogite and plumbo- 
caldte), arragonite, marble, limestone, chalk ; the sulphates, such as 
gypsum, SH.04,C&o", anhydrite, SOjCao", alabaster, selenite; the phos- 
phates, such ss apatite, Ps03Cao"4 (jiCa"j, bone- earth, P202Cao"8; 
Bud Jliwr spar, CaFs. 

EBACTIONS in the DP.Y WAY. 

Most calcium compounds, when heated in the inner flame of the 
blowpipe, colour the outer flame yellowish red; calcic phosphate 
and borate excepted. The presence of barium or strontium entirely 
obscures the calcium reaction. 

Calcic carbonate when strongly ignited becomes converted into caustic or 
quicklime, CaO, which reacts alkaUne. It combines with water very eagerly, 
evolving much heat, and is converted into calcic hydrate, CaHos (slaked lime), 
which IS less soluble in water than either baric or strontic hydrate. It is also 
more soluble in cold than in hot water. Calcic sulphate is converted into calcic 
sulphide, CaS, when ignited on charcoal in the reducing flame. The mass reacts 
likewise alkaline. 

EEACTIONS IN THE WET WAY. 

Calcic salts are readily prepared from pure calc spar or marble 
by means of dilate acids. 
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We employ A solution of calcic chloride, CaCls. 

COAmos (sroap-rea«eiit) precipitates white calcic carbonate, 

OOCao", which is bulky and amorphous at first, but on warming 
gently becomes rapidly crystalline. Calcic carbonate is somewhat 
soluble in ammonic chloride, especially when freshly precipitated. 
It is in fact partially reconverted on boiling into calcic chloride. 
CONao2 and COKos, same reaction. 

SO2H02J or a soluble sulphate, precipitates from concentrated solutions of 
a calcic salt white calcic sulphate, SOHosCao^' + Aq., soluble in much water, 
and still more soluble in acids. A precipitate is obtained on the addition of twice 
the Tolume of alcohol from solutions which are too dilute to be precipitated by 
sulphuric acid or a soluble sulphate. Calcic sulphate dissolres readily on boiling 
in a concentrated solution of ammonic sulphate. 

A solution of calcic sulphate precipitates both baric and strontic salts. 

POHoNaoa (hydric dlsodlc phosphate) gives a bulk^ white precipitate of 
trtcalcic phosphate, PaOjCao'^s, soluble in dilute hydrochloric or nitric acid, 
and soluble in acetic acid ; reprecipitated by ammonia. 

I CO A (ammonic oxalate) produces even from very dilute 

solutions of calcic salts a white pulverulent precipitate of calcic 

f CO 
oxalate, -< /-jQCao" + Aq., readily soluble in hydrochloric or nitric 

acid ; not perceptibly soluble in oxalic or acetic acid. On gentle 
ignition calcic oxalate breaks up into calcic carbonate, and carbonic 
oxide gas, and on igniting rery strongly, caustic lime is left. 

Soluble calcic salts, such as the chloride or nitrate, constitute 
very important reagents for the detection of acids, on account of the 
metal calcium forming insoluble salts with most acids. 

QUESTIONS AND EXERCISES. 

1, Which are the most important natural lime compounds P 

2. Q-ive graphic formulae for gypswnf cmhydrite, calc tpoTyfluor apa/r, apatite, 
8. Which are the most deUcate reactions for calcium in the wet way P 

4. How is aaragonite conyerted into calcic oxalate P 
6. Calculate the percentage composition of hone-a>8h, 

6i Why can a solution of calcic sulphate be employed for the detection of barium 
and strontium even in the presence of calcic salts P 

Separation of Barium, Strontium, and Calcium, — ^Barium minerals 
frequently contain strontium and calcium, and strontium minerals 
barium and calcium as well. A method of separating these metals 
ifi based upon— 

1st. The insolubility of BaCU in absolute alcohol (SrCl2 and 

OaCl2 being soluble). 
2nd. The insoluUlity of NjjOiBao", and N204Sro" in absolute 

alcohol (calcic nitrate being soluble). 

A hydrochloric acid solution of the mineral containing Ba and Sr, or Sr and 
Ca, or possibly Ba, Sr and Ca, is prepared, and the solution eyaporated to dry- 
ness and gentiy ignited. 

Barium is separated from strontium and calcium, by digesting the finely 

C 
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diyided residue with absolute alcohol, and separating the undissolyed BaCls by 
filtration. 

Strontium is separated from calcium by evaporating or distilling off the 
absolute alcohol, which contains the Srul2 and CaClg ; precipitating with 
COAmOj, filtering, and conversion of the strontic and calcic carbonates into 
nitrates bv means of dilute nitric acid. The solution of the two nitrates is evapo- 
rated to ctrynesB, and absolute alcohol added, when calcic nitrate is dissolved out, 
sti^ntic nitrate being insoluble in absolute alcohol. 

The presence of these metals may be confirmed by setting fire to 
the alcoholic solution containing baric, strontic, or calcic chloride 
(or nitrate) ; the alcohol is seen to burn with the characteristic 
colour observed when traces of these salts were heated on a platinum 
wire. 

Several other methods for recognising and separating the metals 
of Group IV will suggest themselves. 

It is often useful to ascertain whether one or two, or all the metals of this 
group are present in a solution. This can be done by adding to their neutral 
solution a solution of CrO^Koa, or 2HF,SiF4. A yeUow or a transparent cry- 
staUine precipitate indicates barium. To a portion of the filtrate add S02Cao" ; 
a precipitate forms perhaps only after some time, proving the presence of stron- 
tium ; or the solution remains clear, in which case calcium only need be looked 
for, the presence of which is indicated by the precipitate which ammonic oxalate 
produces from another portion of the largely diluted solution. If both strontium 
and calcium are present, separation becomes desirable. 

The student will have no difficulty now in drawing up tabular 
analytical schemes* based upon : — 

Ist. The insolubility of BaClg and N204Sro" in absolute alcohol, 
2nd. The insolubility of BaCU in absolute alcohol and that of 

S02Sro" in a concentrated solution of SOjAmoa. 
3rd. The insolubility of BaF3,SiF4, or Or02Bao", as well as of 
SOgSro", in water; calcic sulphate being sufficiently soluble 
to be readily indicated by ammonic oxalate. 

PRACTICAL EXERCISESt ON GROUPS IV AND Y. 

You are requested to analyse — 

1. A solution of salts of the metals K, Mg, and Ba. 

2. A mixture (about '5 grm.) of the solid salts NaCl, SrClj, and magnesia alba 

(C8H04Mg0"4). 

8. A mixture of the soUd salts AmCl, BaCl2 and COCao''. 

4. A mixture of the salts AmCl and S02Mgo''. 

6, A mixture containing finely powdered marble, baric carbonate and common 

salt. 
6. A solution of BaCls and SrCl2, containing '010 grm. of Ba and '100 grm. 

of Sr. 



• Table IV in the analytical tables at the end of the book contains a scheme 
embodying method 2. 

t As a control upon the work done in a laboratory the analytical results 
should be carefully recorded by the student (as far as possible, in a tabular form), 
and should be discussed and corrected, if necessary. By these means only it is 
possible to control and direct the analytical studies of a large class. 
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7. A solution of NaCl, KCl, and Mg^Ols, containing '020 gnn. of K, '200 grm. 

of Na, and '050 grm. of Mg. 

8. A solution of SrClj and CaCl2, containing '050 grm. of Sr, and *500 grm. 

of Ca. 



Chapter IV. 

REACTIONS OF THE METALS OF GROUP in, OR 

AMMONIC SULPHIDE GROUP. 

GROUt» III comprises the metals Nickel, Cobalt, Manganese, Zinc, 
Iron, Chromium, Aluminium, likewise the phosphates of these metals, 
and of Magnesium, Barium, Strontium, and Calcium. 

1. Add to a solution* containing M3O4C00', Ve^Cl^, and calcic phosphate, 
dissolved in a little dilute hydrochloric acid, a concentrated solution of ammonio 
chloride, and then ammonia. A precipitate is produced. Filter, and add to the 
filtrate ammonic sulphide. A further precipitation takes place ; the precipitate 
is black. 

This shows that some members of this group are precvpitated by 
AmCl a/nd AmHo ; others only on the addition of S-4m2. 

2. Add to a solution of Vefi\%y CrsCls) and Al2Cl«, ammonic chloride and 
ammonia, till it is distinctly ammoniacal. A bulky gelatinous precipit-ate is 
obtained. Filter. Add to the clear filtrate ammonic sulphide : no further pre- 
cipitation t^es place. 

Showing that Iron, Ghromium, a/nd Alv/nui/mv/rn are precipitated 
{as hydrates) from their saline solutions by AmGl a/nd AmHo alone, 
without the aid of ^Amz. (Ammonic chloride has no share in the 
precipitation, but counteracts the solubility of the aluminic hydrate 
in excess of the precipitant, and prevents the precipitation of 
n^agnesium as hydrate). 

8. Bissolye some baric, strontic, calcic, and magnesic {^osphates in dilute 
hydrochloric acid, and cautiously add to the solution ammonia. No precipitate 
is produced till the free acid has been neutralized (with formation of ammonic 
chloride), when the phosphates are reprecipitated. Filter and add ammonic sul- 
phide to the filtrate. No further precipitation takes place. 

This shows that the phosphates of the alkaline earthy metals are 
precipitated by a/mmonia alone. 

4. Bissolye some phosphates of Ni, Co, Mn, Zn, and Fe in dilute hydrochloric 
acid.t To one portion of the solution add ammonic chloride and ammonia. A 
precipitate is &rmed. The phosphates are reprecipitated. Filter and add 
ammonic sulphide ; a further precipitate is produced. 

Showing that the phosphates of these metals are not entirely pre- 
cipitated by ammonic chloride a/nd a/mmonia, 

* Solutions containing *005 grm. of the metal in erery c.c. are readily pre- 
pared, and should be kept for use. 6 c.c. of each solution will be found a 
convenient quantity. 

t This solution may also be prepared by adding hydric disodio phosphate 
to solutions of the above metals as long as a precipitate lonnS) and dissolving the 
precipitate in a little hydrochloric acid. 

C 2 



20 ACTION OF GROUP REAGENTS AmCl, AmHO, &0., &C. 
Thus far we have seen that these two reagents precipitate : — 



Nickelons phosphate 
Cobaltous „ 


Chromic phosphate 
Aluminic „ 


Manganous „ 
Zincic „ 


Baric „ 

Strontic „ 


Ferric „ 


Calcic „ 


J^'erric hydrate 
Chromic „ 


Magnesic „ 


Aluminic „ 





6. To a solution of SOsNio", N2O4C00", SOaZno", and BlnCla (free from 
Fe), add AmCl in considerable excess, and then AmHo in slight excess. No 
precipitate is obtained, the precipitate first produced by AmHo being soluble in 
the ammonic salt. To one portion of the solution add strong sulphuretted 
hydrogen water (or pass a current of sulphuretted hydrogen gas) ; a copious 
precipitate is produced, consisting of MIS and CoS (black), ZnS (white), and 
MnS (buff coloured). 

This shows that Nickel, Cobalt, Ma/nganese, a/ad Zinc salts are 
not precipitated by AmGl and AmHo, but by S-^mj. 

On exposing the other portion of the solution for some time to the air, it is 
seen to turn turbid where it is in contact with the air. Heat and shake the 
solution and the turbidity increases rapidly. 

Showing that AmGl and AmHo produce, v/nder favourable con^ 
ditions, a partial precipitation. 

6. To another portion of the solution of the phosphates of Ni, Co, Mn, Zn, 
and Fe (see 4), add AmCl, AmHo, and SAm2, without first separating by filtra- 
tion, the precipitate produced by AmCl and AmHo. The Phosphates of 
Co, Ni, Mn, Zn, and Fe, which may be present in the hydrochloric acid solu- 
tion, ABE decomposed INTO SULPHIDES, AND AMMONIC PHOSPHATE IS LEFT IN 
SOLUTION. 

7. To a solution of Fe2Cl6, add AmCl and AmHo, a reddish-brown precipitate 
of ferric hydrate, FejHoe, is produced, which on the addition of SAm^ turns 
instantaneously black. 

This shows that iron is first precipitated as hydrate, and is 
subsequently converted into sulphide. Chfomic and aluminic chlorides 
are precipitated under the same circumstances as hydrates; but 
they form no sulphides in the wet way. 

We may then sum up by saying that the group reagents, AmCl 
and AmHo, for reasons stated under 4 and 5, cannot thoroughly 
separate some of the members of Group III from others, and that 
SAjn2 should invariably be added as well. The three reagents* 
precipitate : — 

* Add AmHo to a solution of baric, strontic, calcic, and magnesic oxalates in 
dilute hydrochloric acid, as long as a white precipitate is obtained. The oxalates 
of the alkaline earths are reprecipitated more or less completely as soon as the 
hydrochloric acid which (as in the case of the corresponding phosphates) holds 
them in solution is completely neutralized. 

The same applies to the fluorides, borates, tartrates, citrates, etc., of these 
earthy bases, which are precipitated by AmHo, although in the presence of much 
AmCl they are, to a great extent, held in solution. 

Silicic acid and silicates, soluble in hydrochloric acid, are likewise precipitated 
by AmCl and AmHo as gelatinous silica, SIH04. 

In order to ayoid complicating the qualitatiye course, it is usually preferred 
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1. Sulphides — 

NiS black 

Cos black 

MnS buff 

ZnS white 

Pes black. 

2. Hydrates — 

Cr2Ho6 green 
Al2Ho6 white. 

3. Phosphates of Cr, Al, Ba, Sr, Ca, and Mg. 



NICKEL, Ni" AND *\ — Occnrs in natnre as sulphide, NiS", 
in capillary pyrites^ hair mcJcelf or millerite; as arsenide, in 

{f "As' . . . f 'As"Ni" 

arsenical nickel, < nA^iNi", and in copper nickel, VAa"N""» ^ 
'Sb"Ni" 

'Sb"N""» <^^^^^w}7i^ nickel, combined with SUL- 

{"As' 
„ * ,Ni,Ni*'^S2, as a/nti' 
r "Sb' 

mony nickel gla/nce, < ^»gxjfNi,Ni*'^S2 ; also in the form of minerals 

which are the result of the oxidation of other nickel minerals, e.g,, 
as nickel ochre As20jjNio"8, and emerald nickel, C(ONi"Ho)2Nio", 
60Ha. 

REACTIONS IN THE DRY WAY. 

When nickel compounds are heated on charcoal with dry sodic 
carbonate in the irmer blowpipe flame, they are reduced to a grey 
metallic powder which is magnetic. Heated on a horo/X bead, in the 
outer flame, nickel compounds yield an intensely coloured glass, which 
appears hyacinth red to Tlolet brown when hot, and yellowish to 
sherry red when cold (according to the quantity of nickel present). 
On fasing a little nitre in the bead, the colour is changed to blue 
or dark purple, whereby nickel compounds may be distinguished 
from iron. Heated in the reducmg flame the colour disappears, 
and the bead assumes a turbid grey appearance, owing to finely 
divided particles of metallic nickel. The reactions with micro- 

to eyaporate the hydrochloric acid filtrate from Group II to complete dryness, 
with the addition t-owards the end of the evaporation of a little concentrated 
nitric acid, whenever AmQ and AmHo produce a precipitate. By these means 
silicic anhydride, Si02i is left behind insoluble m acids; the fluorides and 
borates are for the most part decomposed; boric and hydrofluoric acid being 
set free or volatilized. Oxalates are destroyed with evolution of carbonic 
anhydride by the oxidizing action of the nitric acid, and tartrates, etc., are 
broKen up by gentle ignition into carbon and volatile gaseous products ; ferrous 
salts are converted into ferric salts, and on extracting the ignited residue with 
a Uttle concentrated hydrochloric acid, the metals are obtained in solution as 
chlorides, together only with the phosphates of the alkaline earths, earthy and 
metaUie bases. 



22 NICKEL. 

cosmic salt are similar; bnt tlie bead becomes abnost colourless 
when cold. 

REACTIONS IN THE WET WAY. 

We employ a solution of nickelous sulphate, SOjNio". 

SAm2 (ffroup-reaffrent) gives a hlack precipitate of nickelous 
sulphide, NiS, slightly soluble in excess of the reagent, especially 
in the presence of free ammonia, forming a dark brown solution, 
whence the sulphide is reprecipitated on boiling. The presence of 
ammonic chloride (or better still, ammonic acetate) assists the 
precipitation. Nickelous sulphide dissolves with difficulty in dilute 
hydrochloric acid, readily in nitric acid or aqua regia, and is but 
slightly soluble in acetic acid. 

SH2 gives no precipitate in an acid solution, and a partial precipitate only, 
from a salt of nickel with a mineral acid ; but produces really a precipitate 
firom a solution of nickelous acetate, or a nickelous salt mixed with an alkaline 
acetate. 

NaHo or KHo precipitates an a^ple green hydrate, NiHo2, 
insoluble in excess, soluble in ammonic salts to a greenish blue 
fluid. Nickelous hydrate leaves on ignition nickelous oxide. It 
does not absorb oxygen from the air. 

AmHo produces a slight greenish precipitate, readily soluble to a blue fluid. 
No precipitate in presence of ammonic chloride. 

bONao2 precipitates an a^le green basic carbonate, varying in com- 
position. 

COAmos same precipitate, readily soluble in excess when filtered and washed 
to a greenish blue solution. 

KOy (free from oyanate (CyKo) and carbonate*) gives a 
yellowish green precipitate of nlcKelous cyanide, NiCyj, which 
dissolves readily in excess of potassic cyanide to a brownish 
yellow solution, containing a double cyanide of nickel and potas- 
sium, 2KCy,NiCy8. On adding a dilute acid (HOI or SOjHoa), 
NiOya is reprecipitated, and KOy is decomposed with evolution of 
HCy. Boifing with hydrochloric acid decomposes the nickelous 
cyanide likewise. 

The solution of the double cyanide is not altered by boiling with 
excess of HCy, bufc the nickelous salt is oxidized in the cold by 
chlorine, or on the addition of a concentrated solution of sodic 
hypochlorite, OlNao, to hlack nlckellc hydrate 'Ni"'2Ho6, which is 
graduaUy precipitated ; thus :— 

gNiCya -f ClNao -f 5OH2 = NijHoe -f NaCl + 4HCy. 

Nickelio hydrate may also be obtained by passing chlorine 
through water, in which nickelous hydrate is suspended. HOI 
decomposes the tetrad mckel compound into nickelous chloride and 
free chlorine. 

* It is preferable to add hydro^anic (prussic) add, HCy, to a neutral solu- 
tion of a mokelous salt, and tnen KHo drop by drop, till the yellowish green 
precipitate is redissolved. Gbeat caution has to be obseryed on account of the 
highly poisonous nature of HCy. 
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QUESTIONS AND EXERCISES. 

1. Express in symbolic equations the reactions for nickel in the wet way. 

2. State which are the principal nickel minerals, and translate into graphic 

formulse the constitutional formula of emerald nickel, antimony nickel, 
nickelous nitrate and arseniate. 

3. How many oxides of nickel are there ; and how would you prepare them from 

a solution of nickelous sulphate ? 

4. How would you recognise the presence of Ni and As in ctraenical nicfeel ? 

5. 50 cubic centimetres of a solution of nickelous sulphate yield on precipitation 

with KHo and ignition '370 grm. of KiO ; how much Ni is contained in 
1 c.c. of the solution, and how much nickelous sulphate (SOHosNio^^GOHs) 
must be dissolved in a litre of water to obtain a solution of the abore 
strength ? 

6. Calculate the percentage composition of capillary pyrite*. 



COBALT^ Co" and *^. — Occurs in nature as sulphide or cobalt 
pyrites, CO2S3, or < /joS"^ ' ' ^^ arsenide in < " Ag'Co", tin- white 

cobalt or smaltme (speiss cobalt), as sulpharsenidb, or cobalt glam,ce. 

("As' 

■Jf/* I Co", 00*^^82 ; also in the form of products of oxidation, such as 

cobalt vitriol, SOHo2Coo",60H2, as arseniate, AS202Coo"3,80H2, in 
cobalt bloom, and generally in small quantity in nickel and iron ores. 



REACTIONS IN THE DRY WAY. 

Cobalt is usually detected with comparative facility. Cobalt 
minerals containing sulphur or arsenic are roasted on charcoal, or in 
a glass tube, when sulphurous and arsenious anhydride are evolved. 
The residue is then introduced into a borax bead, and heated in the 
outer flame, when 2^ fine blue, so-called cobalt glass, is obtained. 
This colour remains the same both in the outer and inner, or red/udng 
flame. In cases where much Mn, Fe, Cu, or Ni are mixed with Co, 
the blue appears distinctly only after the bead has been heated for 
some time in the reducing flame. Microcosmic salt gives the same 
blue bead. Heated on charcoal, with sodic carbonate in the reducing 
flame, cobalt separates as a grey metallic powder which is attracted 
by the magnet. 

REACTIONS IN THE WET WAY. 

NO 

We employ A solution op cobaltous nitrate, >|0*^^^"* 

SAm2 (irroiip-reasent) gives a black precipitate of cobaltous 
sulphide, CoS, insoluble in excess of the reagent ; scarcely soluble in 
acetic acid, and very difficultly soluble in dilute hydrochloric or 
sulphuric acid ; but readily soluble in aqua regia upon the applica- 
tion of heat. Hence a black residue left on treating the ammonic 
sulphide precipitate of Group HI with dilute hydrochloric acid, 
indicates probably the presence of cobaltous or nickelous sulphide. 



IHa gives no precipitate from an acid solution, hut precipitates cohaltous 
sulphide partially from a neutral solution, and wholly from & solution of cob^'ltous 
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acetate, or from a solution of a cobaltous salt containing a mineral acid, on the 
addition of an alkaline acetate, and upon heating. 

KHo or NaHo gives a precipitate of a blue basic salt, wliich 
turns oli/ve green on exposure to air, owing to the absorption of 
oxygen. On heating, a rose red cobaltous hydrate, C0H02, is obtained, 
which, however, contains mostly a small amount of dark brown 
cobaltic hydrate. Ammonic carbonate dissolves the precipitate 
(after filtration and washing) to an intensely violet-red fluid. 

By suspending cobaltous hydrate in water, and passing a current 
of cblorine into it, black cobaltic hydrate is precipitated, whilst 
cobaltous chloride remains in solution, thus : — 

3C0H02 -f Cla = C02H06 + CoCla. 

Cobaltic 
hydrate. 

In the presence of an alkali (NaHo) the whole of the cobaltous 
hydrate is converted into cobaltic hydrate. 

AmHo produces in neutral solutions a slight precipitate of a basic salt, 
which dissolves readily in excess. The solution is reddish brown. Ammonic 
chloride prevents the precipitation altogether. The solution absorbs oxygen from 
the air, and becomes rapidly brown. 

CONao2 precipitates a peach coloured basic carbonate. 

COAmo2, same precipitate ; readily soluble, however, in excess, to a red 
solution. 

KCy gives with aU normal cobaltous salts a hrownish white pre- 
cipitate of cobaltous cyanide, CoCya, soluble in excess, reprecipitatcd 
by dilute hydrochloric or sulphuiic add. 

K the cobaltous solution, however, contain free acid, so as to 
liberate hydrocyanic acid by the action of the latter upon the excess 
of KCy ; and if the solution containing the double cyanide 2K0y, 
CoCy2 be heated for some time, dilute hydrochloric or sulphuric acid 
no longer produces a precipitate, the whole of the cobaltous cyanide 
having been converted into cobaltic cyanide, 'Co"'2Cy6, which 
remains combined with 6KCy to form a well defined and stable salt, 
called potasslc cobaltlcyanlde, lS^Qo2Gjvi, hydrogen being evolved, 
thus: — 

2CoCy2 + 2HCy = COaCye + H2. 

6K0y + COaCye = KeOoaCyia. 

Potassic 
cobaltioyanide. 

This salt is not acted upon by sodic hypochlorite in the cold. 

Separation of Nickel from Oohalt 

It is obvious that the hydrocyanic acid reaction enables us to 
separate nickel from cobalt. — To a neutral solution of the two salts 
add cautiously a small quantity of a strong solution of hydrocyanic 
acid (a solution of potassic cyanide may likewise be used), and then, 
drop Vy drop, KHo, as long as a precipitate forms, and till the pre- 
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cipitate is quite redissolved. Heat gently for some time in a well 
ventilated closet, till the odour of hydrocyanic acid has disappeared* 
Allow to cool, and add a concentrated solution of sodic hypochlorite. 
NisHoe is precipitated in the cold, and cobalt remains in solution, as 
K6Co2Cyi2. Separate by filtration. Test the residue before the 
blowpipe for nickel and evaporate the solution to dryness, and test 
for cobalt by means of a borax bead. 

Instead of separating nickel as KijHoe by means of GlNao, the solution, 
after boiling with excess of HCy, may also be precipitated whilst hot, with finely 
divided fi^shlj precipitated mercuric oxide. On digesting for a short time at 
a gentle heat, the whole of the nickel is precipitated, partly as KiHo2, partly as 
3WlCy2, the mercury combining with the hberated cyanogen. Filter off the greenUh 
or yellowish grey precipitate, wash, and ignite. Pure sf 10 is left ; thus : — 

(1) 2NlCy3 + xBgrO + OH2 « BflrPys + NlHos^NlCya + z-lBffO. 

Greenish 
precipitate. 

(2) NlHo2,N10y3 + BffO » 2N10 + BffOya + OHr. 

Volatile 
on ignition. 

The cobalt remains in the solution as K6Co2Cyi2. Nearly neutralize with dilute 
nitric acid, and add a neutral solution of mercurous nitrate, m^OiB.gi^'', A 
white precipitate of mercurous cobaltlcyanlde (Hg''2)8C)o20yi2) forms, which 
contains the whole of the cobalt. Filter, wash, and ignite imder a hood with 
free access of air, when trlcobaltlc tetroxlde, COSO4, is left. 

Another method of separation consists in adding a concentrated solution of 
ITOKo (potasslc nitrite) in considerable excess to a concentrated normal 
'iBolution of a cobaltous salt, then acetic acid in sufficient quantity to freely re- 
dissolve the precipitate, which is at first produced by the free KHo and COK02 
contained in the Sf OKo. On keeping the solution in a moderately warm place, 
the whole of the cobalt separates in the form of a crystalline precipitate of define 
yellow colour (from a dilute solution only afber long standing), the formation of 
which is expressed by the equation : — 

^JJ^^oo" + I2HOK0 + 2/g^^^ + OH2 = CO203,3K20, 

YeUow 

5N208,2OH2 + 4HO2K0 + a-f^Qlr^ + H2O2. 
precipitate. 

The precipitate is soluble in much water ; it is decomposed by hot nitric or 
hydrochloric acid, or by potassic hydrate ; insoluble in alcohol ; insoluble in the 
presence of potassic salts ; and it can therefore be washed by a solution of potassic 
acetate, and finally with alcohol. This beaction sef abates nickel fboh 

COBALT VEBT EFPBCTTTALLy. 

On igniting a small quantity of N204Nio", a dirty greyish 
powder of NiO is left. Ignite next N2O4C00" gently, and a black 

residue of cobaltous dicobaltic tetroxide, CO3O4 = < Q^rp^o" i^ 

left. On treating this oxide with hydrochloric acid, chlorine gas is 
evolved, according to the equation : — 

COjOi -f 8HC1 = SCoCla + Cla + 40Ha. 



2C MANGANESE. 

Both nickel and cobalt are capable of forming compounds in 
which the metals exist in a tetrad condition, viz., 

NijOs, or < j^IqO, and CO2O3, or < qqqO ; CO2S3. 

Nickelic Cobaltic Cobaltic 

oxide. oxide. sulphide. 

Ni203 is, however, obtained in the wet way only by the action of 
oxidizing agents, and cannot exist at a high temperature. 

CO3O4, on the other hand, is obtained in the dry way, or on 
gentle ignition of cobaltons salts containing volatile acids, and gives 
np a portion of its oxygen only on strong ignition. 

The same tendency to form a compound in which cobalt exists as 
a tetrad element, is observed on exposing the freshly-precipitated 
hydrate to the air, or on passing chlorine or adding bromine or 
iodine to cobaltous solutions. 

Little use is, however, made of these reactions beyond the con- 
version of OoOy2 into C02Cy«, in the presence of potassic cyanide, 
or of OoO into CO2O8 in the potassic nitrite reaction. 

QUESTIONS AND EXEBCISES. 

1. Translate into graphic formidse the constitutional formulae of cohaU pyrites ^ 

cobalt vitriol, cobalt bloom, cobaltic cyanide. 

2. How are CoO and CO3O4 prepared ? 

3. How is Co separated from Ni ? 

4. 2 grms. of an ore containing Ni and Co yield *221 grm. of KiO and *1575 

grm. of CO3O4 ; what is the percentage of Ni and Co in the ore ? 

5. Explain the formation of a blue glass when cobalt compounds are heated in a 

borax bead, or a bead of microcosmic salt. 

6. How would you prepare potassic cobalticyanide ? 



MANGANESE, Mn", *^ and ^.—Occurs in nature mainly in 
the state of Oxides, of which the mineral ^pyrolusitej Mll^^02 is the 
most important. It is found in small quantities in many iron ores, 
and is a frequent constituent of silicates : the MnO replacing the 
isomorphous bases FeO, ZnO, MgO, CaO, without altering the 
crystalline structure of the minerals. It exists both in the dyad 
and tetrad condition in manganous and manganic oxides. The 
Anhydeous Oxides, known, besides pyrolusite, are : hraunite, 
Mn^'^aOs, hcmsmannite, Mn^O* ; the Hydrates are : manganite, 

{ MnOHo' P"^^^^^^^ mSho^^^^^"' ^^^' mShoI^^^"' 
r'Mn"'0-01 j^^g. 

vicite,< Mno" (Mn^^Hoa)'^ copper mawaori, mr-nu ^^^^"' Man- 
VMn"'0-0J MUHoa 

Sanese is found in combination with sulphur, in mangcmeae blende, 
InS; with CARBONIC acid, in diallogite, OOMno"; with SILICA, in 
red mcmganese or mangom kiesel (rhodonite), SiOMno", a?id in tejfhroite, 
SiMno",; with PHOSPHORIC acid, as tripUte, P20Mno"4,P80Feo"4. 



vaV' 
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EXAMINATION IN THE DRY WAY. 

The presence of manganese is readily detected in minerals wHch 
contain no other oxides, capable of colouring flaxes, as they dissolve 
when heated in the outer flame, in the horax bead, or in a bead of 
microcosm! c salt to a clear violet-bed pearl which becomes of a fine 
amethyst colour on cooling. The bead becomes colourless when 
heated in the reducing flame. If other metallic oxides are present, 
it is preferable to mix a small trace of the finely powdered man- 
ganese compound with two or three times its weight of sodic carbo- 
nate (a little nitre may likewise be added), and to fuse on platinum 
foil (a small platinum spoon or the lid of a platinum crucible) in 
the oxidizing flame, when a bluish vreen mass is left after cooling, 
consisting of sodlc man^anate, MnOzNaO}. The mass at the same 
time loses its transparency. This forms the most characteristic 
REACTION FOR Manqanese. Man^anous and manganic oxides are 
converted into a higher oxide, Mll'^^Os, in which Mn exists as a 
hexad. 

examination in the wet way. 

All the higher oxides of manganese, when heated with hydro- 
chloric acid, evolve chlorine, and are converted into manganous 
chloride. The chlorine so evolved becomes the measure of the 
amount of M11O2 present in a manganese ore. 

We employ A solution of manganous chloride, MnCl2 (free 
from Fe). 

SAm2 (ffroup-reosent) gives a flesh-coloured precipitate of man- 
ganous sulphide, MnS, readily soluble in dilute acids, even acetic 
acid. Hence the presence of free acetic acid prevents the precipita- 
tion of manganese (method of distinguishing Co and Ni from Mn). 
The manganese may be separated by repeating once or twice the 
precipitation of cobalt and nickel in the presence of acetic acid. 



[3 does not precipitate a neutral solution of a manganous salt ; the acetate 
even is precipitated very slowly and imperfectly, and not at all when free acetic 
acid is present. • 

KHo or NaHo gives a white precipitate of manganous hydrate, 
MnHo2, insoluble in excess. The precipitate absorbs speedily 
oxygen from the air, and turns dark brown with formation of 

I MnOH ' ^^®^ ^* ^^ longer dissolves completely in ammonic 

chloride. 

AmHo precipitates a white hydrate from neutral solutions ; in- 
soluble in excess, or in ammonic carbonate. 

No precipitate is produced in solutions containing ammonic 
chloride. On exposing an ammoniacal solution of the soluble 
double chloride, 2AmCl,MlxOl3, to the action of the air, the whole 
of the manganese is gradually precipitated as dark brown dlman- 

sanle dloxydlliydrate, < MnOH^* ^hia reaction is characteristic 
for manganese compounds. 
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AmKo conveys in this change oxygen to the manganous salt in a manner 
similar to the action it has upon cobaltous salts, or upon metallic copper, in the 
presence of oxygen or air. 

Owing to this tendency of manganous salts to become oxidized and precipi- 
tated in the presence of AmHo, it is impossible to separate manganous from 
ferric salts by means of AmCl and AmHo. The reddish brown ferric hydrate, 

which is precipitated, invariably cajries down more or less { J^SoHo ' ^""^ 

small quantities of manganese cannot, thereforey he separated from iron hy pre- 
cipitation with Am CI and AmHo, 

CONaos or COKo2 precipitates white manganous carbonate, 
COMno", insoluble in excess of the reagent, but pretty readily 
soluble in ammonic chloride. This precipitate absorbs likewise 
oxygen from the air, and turns to a dirty brownish white colour, 
owing to the formation of dimanganic dioxydihydrate. On ignition 
with free access of air, the white carbonate turns first black, and 
changes subsequently to brown trtmansanic tetroxlde, "NLn^O^, All 
manganese oxides are obtained upon ignition in air in the form of 
MnaOi. 

KCy gives a whitish precipitate of mansanous cyanide, ]ICnCy2, soluble 
in excess to a brown solution, which is not precipitated by SAin2. 

We have just seen how readily manganous compoimds are converted, more or 
less completely, into higher oxides, in which Mn acts the part of a tetrad element. 
In the brown hydrated dioxide, obtained when a manganous salt is digested with 
sodic hypochlorite, according to the equation : — 

BCnCls + OlNao + 2OH2 ^ BCn^^OHos + NaCl + 2HC1, 

the manganese exists likewise as a tetrad element By fusion in the dry way 
with sodic carbonate, alone or together with nitre, the manganous or manganic 
compounds are converted into an alkaline manganate, in which the metal man- 
ganese acts the part of a hexad element. Manganic acid itself has never been 
isolated. It is obtained, however, in combination with a few of the stronger 
metallic bases, forming manganates, of which the alkaline manganates only dis- 
solve in water to green solutions, 

Manganates are readily decomposed in aqueous solutions. On gently heating 
a solution of potassio manganate with free access of air, the green colour changes 
to purple red, owing to the formation of potassic permanganate,* TIKll^OaK.Oi''^ 

i /5Svo^loKo{ ^*'^ separation of hydrated dioxide, thus : — 

SBCnOsKos + SOHa « BCiisOeKoa + llCnOno2 + 4E:Ho. 

The change is accelerated by adding a few drops of a dilute mineral acid (e.g., 
nitric, hydrochloric or sulphuric acid), which combines with the liberated alkali. 
This reaction is extremely delicate. 

The metal mangi^ese seems to act here the part of a pseudo-octad element ; 
and it may readily be inferred that the different oxygen atoms perform different 
functions in such a highly oxygenized compoimd, and that the metal manganese 
will part with some more readily than with others. 

* Permanganic acid has never been isolated. It exists only in a few metallic 
salts called permanganates, which are seluble in water forming intensely purple- 
red solutions. The salts crystallise from an alkaline solution in beautiful large 
crystals of deep violet lustre. 
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Manganic dioxidOi as well as other native peroxides, already enumerated, 
also the alkaline manganates and permanganates, act as powerful oxidizers, 
differing merely in the intensity of their oxidizing action. 

Manganic dioxide gives off oxygen on the addition of concentrated sulphuric 
acid, and forms normal manganous sulphate : — 

(Atomic equation) BCnOs + SO3H03 — O + SOaMno^' + OH^. 

Sulphuric add added to sodic manganate, gives off a molecule of oxygen, and 
forms manganous and sodic sulphates, thus : — 

K&OaNaos + 2SO3H03 » O2 + SOaMno'' + SOaNaos + 2OH3. 

Sulphuric acid added to a solution of potassic permanganate, liberates five 
atoms of oxygen, and leaves manganous and potassic sulphates in the solution, 
thus: — 

(Atomic equation) 1 5lnOa(olo] "*" ^SOaHo, = 05 + 2SOaMno" 

+ SO3K03 + 30Ha. 

Hydrochloric acid acts likewise upon the higher oxides of manganese with 
evolution of chlorine and formation of metaUic chlorides and water. TJie per- 
oxides of manganese, especially the black oxide, constitute the principal substances, 
together with hydrochloric acid, for evolving chlorine in the laboratory and on a 
manufacturing scale. 

We know of no other mineral oxidizing agent capable of yielding from one 
molecular group of elements five atoms of oxygen ; and there are but few elementary 
substances which resist the oxidizing action of potassic permanganate. Hydrogen, 
freshly-ignited carbon, phosphorus, iodine, sulphuretted hydrogen, carbonic disul- 
phide, are oxidized more or less rapidly. Metals, such as zinc and iron, become 
oxidized after a few days ; lead, copper, mercury and silver after some time. 
Many lower oxides, chlorides, etc., are converted into higher oxides, etc., especially 
in the presence of a free acid (hydrochloric or sulphuric acid). 

Arsenious acid is converted into arsenic acid, sulphurous into sulphuric, 
nitrous into nitric, phosphorous into phosphoric acid. Oxalic acid is oxidized 
into carbonic anhydride and water. Lower, or -ous chlorides, sulphates, etc., are 
converted into the higher or -ic salts, e.g.y ferrous, stannous, antimonious, cuprous, 
and mercurouB chlorides are oxidized (" chlorinized") in the presence of free 
hydrochloric acid into ferric, stannic, antimonic, cupric, and mercuric chlorides ; 
the manganese and potassium of the permanganate are left in solution as chlorides. 
Ferrous, cuprous, and other sulphates are converted in the presence of free 
sidphuric or hydrochloric acid into ferric or cupric sulphates. 

Potassic permanganate oxidizes also many organic bodies, such as sugar, gum, 
cellulose (in paper, cotton), uric acid, etc. The reaction in all these cases is indi- 
cated by a change of colour. On adding, for instance, the purple coloured per- 
manganate solution to a solution of sulphurous acid, the colour is instantaneously 
destroyed as long as any sulphurous acid is left. Permanganate becomes, there- 
fore, tne measuro for sulphurous acid, and in like manner for other lower oxides, 
chlorides, etc. 

Sulphurous acid requires one atom of oxygen in order to be converted into 
sulphuric acid, and potassic permanganate can part with five atoms of oxygen. 
One molecule of the oxidizmg agent oxidizes, therefore, five molecules of the 
reducing agent, i.e., 316 parts by weight of potassic permanganate become the 
measure for 5 x 64 = 320 parts by weight of SO3. 

Two molecules of ferrous sulphate combine with one atom of oxygen and one 
molecule of sulphuric acid, to form one molecule of ferric sulphate, thus : — 

2S02Feo" + O + SOaHog = SsOfrFeaO'* + OHj. 
Hence one molecule of dipotassic permanganate oxidizes ten molecules of 
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SOsFeo'^ ten molecules of PeO, or ten atoms of Fe; and 316 parts by weight 
of X&sOeKos become the measure for 

10 X 162 parts by weight of SOaFeo" 
or 10 X 72 „ FeO 

or 10 X 56 „ Fe. 

QUESTIONS AND EXERCISES. 

1. Which are the most important manganese ores P 

2. Which manganese ores can be employed for generating chlorine ? 

3. Explain the action of concentrated SO2H02 upon BCnOa,! BCnOaNaos and 

BCxiaOeKoa ; and express the changes by equations. 

4. Translate into graphic formulse the constitutional formulae of pyrohmte, 

braunite, hausmannitef manffanite, psilomelane, toad, Viirvicite, and 
tephroite. 

5. Describe the most characteristic blowpipe reactions for manganese compounds. 

6. How can Mn be separated from Ni and Co? 

7. How is Mn separated from calcium or from potassium P 

8. What change does a solution of dipotassic manganate undergo when heated 

in contact with air? 

9. Give evidences of the dyad, tetrad, and hexad nature of manganese. 

10. Gtiye the graphic formulae for disodic manganate and dipotassic perman- 

ganate. 

11. Explain the action of AmHo upon cobaltous and manganous salts, 1st, in the 

presence of ammonic chloride ; 2nd, in the absence of ammonic salts ; and 
3rd, with free access of air. 

12. State why Mn is separated with difficulty from Fe^^ by means of AmCl and 

AmHo. 

13. What change does COMno^' undergo upon ignition P 

14. By precipitating 2*622 grms. of a manganous salt with sodic carbonate and 

ignition of the precipitate, 1*325 grm. of 9X11304 is left ; what is the per- 
centage of manganese in the salt ? 

15. What is the action of dipotassic permanganate upon HCl, SH3, SO2, 

{CSOHn 
COH ' ^^2^^2> ^^^^2' SnClgP Express the changes by equations. 

16. How much sulphurous anhydride by weight and by volimie (at 0° C. and 

760 mm. barometrical pressure) will be required to decolorise a solution 
containing *500 grm. of dipotassic permanganate ? 

17. Explain the action of sulphurous anhydride upon manganic dioxide. 

18. *125 grm. of dipotassic permanganate had to be added to a given quantity of 

an acid (SOsHos) solution of S02Feo'^ Calculate how much metallic 
iron the solution contained. 

19. '450 grm. of spathic iron ore^ COFeo", when dissolved in hydrochloric add, 

required 'lOO grm. of BClIaOgKos. What will be the percentage — 1st, of 
carbonate; 2nd, of metallic iron, contained in the ore? 

20. 1*240 grm. of CO2 was evolved when 1*780 grm. of pyrohtsite was treated 

with moderately concentrated SO2H02 and i ^Q-g^- What is the per- 
centage of BCnOs in the ore, and how much chlorine gas by weight and 
by volume can be evolved from 100 grms. of the oi^e when treated with 
HCl? 



ZINC^ Zn". — Occurs in nature chiefly as sulphide, or zinc blende^ 
black jack, ZnS ; as cabbonate, or calamme^ COZno" ; and as 
SILICATE, or zinc glancBj electric calamvne, SiZno"2,OH2, Willemite, 
SiZno"2* ; also as oxide, in red zinc orcy ZnO. 

* Naumann*s Elements of Mineralogy. 
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REACTIONS IN THE DRY WAY. 

The most characteristic blowpipe reaction for zinc consists in the 
white incrustation of zincic oxide which its compounds yield when 
heated on charcoal in the reducing flame with sodic carbonate. The 
zinc compound is reduced to the metallic state, and the metal being 
volatile, bums on passing through the outer flame, with a bluish 
green flAme, and is converted into oxide, which covers the charcoal 
with an incrustation, yellow when hot, white when cold, and which 
assumes a line vreen colour when treated with a solution of cobaltous 
nitrate, and on being once more strongly heated in the outer flame. 
The incrustation is not driven away in the oxidizing flame, — zincic 
oxide being non- volatile. 

Zinc compounds give with borax or microcosmic salt in both flames a bead, 
which is yellowish while hot, and white on cooling ; opaque if much zinc salt be 
present. This appUes, however, only to pure zinc compounds, and the detection 
of zinc in poor ores containing other readily oxidizable metals (such as Fb, Cd, 
As, Sb, which give likewise incrustations) , is a matter of great uncertainty. 

Zincic sulphide (zinc blende) j when roasted in a tube of hard glass, loses part 
of its sulphur in the form of sulphurous anhydride, and leaves some zincic sulphate, 
SOjZno (white vitriqJ), which may be extracted with water. 

Calamine leaves on ignition zincic oxide. 

REACTIONS IN THE WET WAY. 

We employ a solution op Zincic Chloride, 2nCl2, or of Zenctc 
Sulphate, S02Zno". 

SAm2 (sroup-reasent) gives a white precipitate of Uncle 
sulphide, ZnS, insoluble in excess. From dimte solutions tbe pre- 
cipitate separates ouly after some time, more speedily in tbe presence 
of ammonic chloride. It is readily decomposed by dilute hydro- 
chloric and sulphuric acids, with evolution of sulphuretted hydrogen ; 
also by nitric acid, but is insoluble in acetic acid. 

SH2 precipitates zinc imperfectly from neutral solutions of 2incic 
salts with mineral acids ; but from an acetate or a solution of a zincic 
salt mixed with an alkaline acetate, the whole of the metal is pre- 
cipitated by sulphuretted hydrogen as zincic Sulphide, even in the 
presence of much acetic acid (method of separation of Zn from 
Mn). Free organic acids prevent the precipitation. 

KHo or NaHo precipitates the white hydrate, ZnHo2, readily 
soluble in excess, and in AmHo, reprecipitated almost entirely on 
diluting with water and on boiling ; soluble also in ammonic chloride. 
Sulphuretted hydrogen precipitates the whole of the zinc from these 
solutions. Free organic acids prevent the complete precipitation. 
In the presence of the hydrates manganese, nickel and cobalt, KHo 
or NaHo does not dissolve out the whole of the zincic hydrate. 

CONao2 or OOK02 produces a white precipitate of basic car- 
bonate, consisting of two molecules of zincic carbonate and three 
molecules of aincic hydrate, according to the equation : — 

r CHo(OZn"Ho)2 
5S02Zno" -H SCONaoa -f SOHj = I Zno" + SSOjNao, 

[CHo(OZn"Ho)2 

Dihydric pentazincic 
diifarbonate t.trahydrate. 

H- 3CO2. 
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A large excess of ammonic salts prevents tlie precipitation. 

This carbonate leayes on ignition ZnO, also known under the name of zinc 
white. 

COAmo2 produces the same precipitate, soluble, however, in excess. 

KCy gives a white precipitate of ztnctc cyanide, 2inCv2 ; soluble in excess, 
not reprecipitafced by SAm2, but completely precipitated by SK2 as ZnS (Method 
for the separation of Zn from Ni). 

Zinc precipitates the less electropositive metals from their solutions, viz.. As, 
Sb, Sn, Cd, Cu, Pb, Ag, Bi, Hg : and on dissolving impure metallic zinc in dilute 
acids (hydrochloric or sulphuric), these metals do not dissolve, as long as any 
zinc remains undissolved. Hence zinc protects other metals, such as copper, iron 
(galvanized iron), from the oxidizing action of the air. 

Zinc, when placed in contact with platinum, iron, etc., dissolves in alkaline 
solutions in the cold ; when boiled with KHo (NaHo, or even AmHo), it dissolves 
likewise, with evolution of hydrogen and formation of dlpotasslc zlnclc oxide, 
ZnKos. 

Zinc vapour decomposes CO2 at a high temperature, and forms ZnO and CO ; 
at a lower temperature, ZnO yields its oxygen again to carbon (Method of extract- 
ing metallic zinc from some of its ores). This forms another interesting instance 
of reciprocal chemical action. 

QUESTIONS AND EXERCISES. 

1. Explain the action of HCl, S02no2, NO2H0, and KHo upon metallic zinc. 

Express the changes by equations. 

2. GKve the names and composition of the most important zinc ores, and translate 

their constitutional into graphic formulse. 

3. Describe the blowpipe reactions for zinc compoimds. 

4. Express by equations the reactions for zinc in the wet way. G-ive graphic 

formulffi ^^r the basic carbonate and dipotassic zincic oxide. 
6. 1*6 prm of calamine yielded *876 grm. 01 ZnO, what is the percentage of 
zinc in the ore ? 

6. How is metallic zinc obtained from cataminCy or red zinc ore ? 

7. How has ZnS to be treated in order to extract from it metallic zinc P 

8. How is Zn separated from Mn ? 

9. How can Zn be separated from Ni and Co ? 

10. How would you remove the zinc from an alloy of Zn and Cu (brass) ? 

11. How is white vitriol prepared, 1st, from zinc blende , 2nd, from calamine f G-ive 

the composition of the crystallised salt. 

12. You have given to you calamine^ zinc blende, hydrochloric acid, water, and 

soiic carbonate. State how you would prepare from these materials zincic 
oxide or zinc white. Express the changes by equations. 



IRON. Fe", *^, and ^. — One of the few metallic elements which 
occurs very abundantly in nature, mostly in the combined state. It 
will suffice if we consider more especially those iron ores which con- 
tain the metal in sufficient quantities and which are sufficiently firee 
from deleterious substances (such as S, P, As), to render them 
suitable for the extraction of iron by the usual metallurgical pro- 
cesses. The most important iron oi*es are : — 

1st. Orbs containing Ferrous Oxide : — spathic or sparry iron 
ore, COFeo" (s'phaerosidervte), containing varying quantities of 
COMno", COMgo", and COCao"; hla^ hand or carbonaceous 
iron ore, a sphaerosiderite containing fix)m 20 to 25 per cent, of 
bituminous matter; clay ironstone (likewise a siderite) is, as its 
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name indicates, associated with clayey matter. It is from these 
two ores that the greater part of the iron manufactured in this 
country is derived. They occur in immediate proximity to the coal 
measures and limestone beds — the fuel and flux necessary for their 
reduction to the metallic state. 

2nd. Oebs containing Ferrous and Ferric Oxides: viz,, 

{FoO 
J, qFco" (ferrous diferric tetroxide). 

3rd, Ores containing Ferric Oxide only: viz., red hcemaUte 
(micaceous iron, oligist, specular iron or iron gla/nce), 'Fe"'20s= 

r fgo 

I FeO^ (ferric oxide). This oxide forms different hydrates which, 

according to the amount of water which they contain, have received 

{FeOHo 
FeO 
jiqqO (tetraferric 
FeOHo 
pentoxy-dihydrate) ; needle iron ore, hrown i/ron ore or pyrrhosiderite, 

FCjOsjOHa = < jigQTT (diferric dioxy-dihydrate) ; Ivmordte or 

IPeOHo 
FeHoa 
O 
FeHo2 
FeOHo 

(tetraferric trioxy-hexahydrate) ; (varieties : oolitic iron ore, pea 

{FfiHo 
PeHo*^ 
(diferric oxy-tetrahydrate). 

A few other iron ores deserve our attention. They are not 
used for the extraction of iron, but are valuable as a cheap source 
of sulphur, viz., iron pyrites, martial pyrites, or nmndiCf FeSs, 
found abundantly in nature ; YeSs (diferric trisulphide) ; copper 

p qCu2s", and magnetic pyrites, SFeSjFOaSs = FCiSg, 

which may be expressed graphically, thus : — 

S=Fe Fe Fe Fe Fe Fe Fe=S 



(Pentaferrous diferric octasulphide). 

Besides these ores, iron is found in nature in combination with 

"As' 
arsenic and sulphur, in mispickel „* ,Fe,Pe*^S2; with chromium as 

r 'Cr^'O SiO II 

chrome iron ore < r/jr^'O ^^' ' ^^^^ silica as chloropal, SiO= FcaO^, 



30H2, and many other silicates ; as sulphate, in green copperas 

D 
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or green vitriol, SOHojFeo",60H3 ; as phosphate in vivianite* 
P202Peo"8,80Ha (triferrous phosphate), and others ; as arseniate, 
in scorodite, ASaOaFcaO^j^OHa, and others. 

EE ACTIONS IN THE DRT WAY. 

On heating the different iron componnds on charcoal before the 
blowpipe, they turn black and become magnetic ; when heated in 
the outer flame, on a horax bead, iron compounds impart a dark red 
colour to the borax, whilst hot, becoming llsht yellow, when cold. 
In the reducing flame they give an olive srcen to bottle sreen bead. 

The reactions with microcosmic salt are similar but less distinct. The pre- 
sence of Co, Cu, Ni, Cr conceals the colour of the iron bead. Ferric sulphides 
and arsenides must be roasted, previous to being introduced into the borax bead. 
When heated with CO]Srao2 on charcoal in the reducing flame, metallic iron is 
obtained as a magnetic powder. 

REACTIONS IN THE WET WAY. 

Iron forms two series of salts, viz., ferrous and ferric salt«. 
It dissolves readily in dilute acids, such as HCl, SO2H02, forming 
ferrous salts, PeCU, S02Feo", with evolution of hydrogen. Cold 
dilute nitric acid dissolves finely divided iron (iron filings) without 
evolving hydrogen gas, the nitric acid being decomposed, so as to 
form ferrous nitrate and a small amount of amnionic nitrate, 
thus : — 

4Fe + IONO2H0 = 4 1 ^o'^^^" + NOaAmo -h 3OH2. 

The metal iron exists in all these salts in the dyad condition, but 
exhibits a marked tendency to pass into the tetrad condition. 
Exposed to the air, PeCl2 and S02Feo" absorb oxygen and are gra- 
dually converted into ferric salts. The same change is produced by 
the action of various oxidizing agents, such as CI2, Br2, I2, OlNao, 
KOgCl in the presence of HCl, NOaHo, N02Ago, AuCU, HgCU, 
MllaOsKoa, Cr02Ko2, and others. We possess therefore in ferrous 
compounds powerful reducing agents. 

The tetrad condition appears to be the natural state of existence of the metal 
iron. This is rendered evident, moreover, by the limited number of ferrous com- 
pounds which exist in nature. The latter must be viewed as unsatisfied bodies, 
which, under favourable conditions, deprive other bodies directly or indirectly 
of oxygen, to form ferric compotmds. Dyad iron, Fe" (caXied ferrosum) has 
two bonds latent, which it is eager to satisfy, so as to become converted into the 
more stable tetrad iron, Fe^^ (or ferricum) , in which condition it occurs in nature 
in combination with sulphur only, as l*eS2, without forming any corresponding 
oxygen, chlorine, etc., compounds. Two atoms of tetrad iron are invariably 
linked together in ferric oxide, chloride, etc, whereby iron becomes a pseudo- 
triad element. It is possible to combine, by artificial means, three atoms of 
oxygen with one atom of iron, so as to form ferrates, as in potassic ferrate, 
Z'e02Ko2, in which compound the iron exists as a hexad element. 

These difEerent combining conditions of the metal iron may be 
represented graphically, thus : — 

* Contains also ferric phosphate, P202Fe20'^,8OH2, to which the blue colour 
of the mineral is due. 
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Dyad iron — Fe— , e.g., in PeCla, FeO, F6g. 

/\ 

Tetrad iron —re—, or pseudo- triad iron, — Fe— Pe— , e.q., in 

/I . I . . y. 



p-iyQ /'Fe"'Cl, f'Pe"'S<j /Te'-'O^ ,, ,, 
'e"Dj, < 'Pa"'(11' 1 'Pe"'S ' 1 'Pe"'0 ' «wwy as 

Hezad iron — Fe — , or ^Fe=, e.g., in Pe'^08Ko2. 

/\ II 

A. Ferrous compounds. — We employ A solution of ferrous 
SULPHATE, S02Feo". 

SAm2 (sroup-reairent) gives a black precipitate of ferrous 
sulphide, FeS, insolable in alkalies and alkaline sniphides, decom- 
posed by dilute hydrochloric acid with evolution of sulphuretted 
hydrogen. The moist precipitate absorbs oxygen from the air, and 
is rapidly converted into ferrous sulphate, and lastly into yellow 
basic ferric sulphate, with evolution of much heat. (This oxidation 
constitutes a frequent cause of the spontaneous inflammation of 
pyritical coal (which contains Fe7S8) on board vessels.) 

SH'2 does not precipitate neutral or acid solutions of ferrous salts ; ferrous 
acetate even is only partially precipitated. 

KHo, NaHo, or AmHo precipitates from ferrous salts (free from 
ferric salts) white ferrous hydrate, FeHo2, which turns rapidly to a 
dirty green colour, and ultimately becomes reddish brown, owijjg to 
absorption of oxygen from the atmosphere. Ammonic salts par- 
tially prevent the precipitation by the fixed alkalies, and AmHo 
gives but a slight precipitate in a ferrous solution containing a 
sufficient amount of AmCl. The presence of non-volatile organic 
acids, of sugar, etc., also prevent the precipitation more or less. 

CONaos, COK02, or COAmos precipitates white ferrous earhonate, 

COFeo", which becomes rapidly oxidized when exposed to air. 

'K^'FeOja (potassle ferroeyanfde) produces, by the replacement of 
K2 by Fe", a bluish-white precipitate of dipotassic ferrous ferro- 
cyanlde, KaFe'TeCye, thus : — 

S02Feo" -h KiFeCy. = K2Fe"FeCy6 -f SO,Ko,. 

Bluish-white 
precipitate. 

insoluble in hydrochloric acid. The light blue precipitate is rapidly 
converted into a dark blue precipitate, or Prussian blue, either by 
exposure to the air, or more speedily by an oxidizing agent, 
thus : — 

4K2Fe"FeCye + 2OI2 = 3FeCy2,2Fe2Cy6 -h 4K01 -f K4FeCy«. 

Prussian blue. 

D 2 
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K6Fe2Cyi2 (potassic ferrlcyanide) produces a darh Hue precipitate 
of trlferrous dlferrtc dodecacyanlcle, Fe"3 'Fe"'2Cyi2 (Turnbun's blue), 

insoluble in hydrochloric acid, thus : — 

SSOjFeo" + KeFe^Cyij = Fe"3'Fe"'2Cyi2 + SSOaKoj. 

Tumbull's blu6. 

NaHo or KHo decomposes both precipitates with formation of 
soluble alkaline ferro- and ferricyanides, and separation ot ferrous 
and ferric hydrates, thus : — 

(1) KjFe"FeCy6 -f 2KHo = K4FeCy6 -f PeHo^. 

(2) 3FeCy3,2Fe2Cy6 -f 12NaHo = 3Na4FeCy6 -f 2Pe2Ho6. 

(3) Fe"3'Fe "2Cyi2 -f 6NaHo = Na«Fe,Cyi2 + SPeHoj. 

These precipitates cannot form, therefore, in an alkaline solu- 
tion. 

CyE[s (potassic snlphoe^anate) gives no indication, if the ferrous 
contains no ferric salt. 

B. Ferrtc compounds. — ^We employ A solution of Ferric Chlo- 
ride, 'Pe"'2Cle, = {''?e'''cv 

SAm2 (trroup-reagrent) produces a Hack precipitate of ferrous 
solpUde, PeS, mixed with sulphur, thus : — Pe2Cl6 + 3SAmj = 2PeS 
H- S + 6AmCl. 

On dissolving the black precipitate in dilute hydrochloric acid, 
sulphuretted hydrogen is evolved, and white insoluble sulphur is 
left. (Distinction between ferrous and ferric salts.) Sulphur 
is not capable of forming a ferric sulphide in the wet way ; native 
sulphides exist, however, viz., PeS2 and Pe2S3, which are insoluble 
in dilute hydrochloric acid, but dissolve with evolution of SH2 in 
the presence of metallic zinc. 

BH2 does not precipitate Pe2Cl6; its hydrogen acts as a reducing 
agent upon the fefrric salt, converting it into 2PeClj and 2HC1, white 
sulphur being precipitated, which renders the solution of the ferrous 
salt milky. 

KHo, NaHo, or AmHo precipitates the reddish brown ferrtc 

r 'Pe"'Hoo * 

hydrate, Pe203,2OH2 = < 'Pe"'Ho ^' ^^ dlferrtc oxytetrahydrate, 

insoluble in excess and in ammonic salts (except C0Amo2). Non- 
volatile organic bodies (e.g., tartaric or citric acid, sugar, etc.), 
prevent its precipitation by AmHo, but not by SAm2. The pre- 
cipitate retains with great tenacity small portions of the fixed 
alkalies. 

CONao2, COK02 and COAmoa produce the same precipitate 
with evolution of carbonic anhydride. 

POHoNao2 (liydrfc dlsodlc phosphate) produces a yellowish 
whitCf floccul&n,t'gelatinous precipitate of ferrtc phosphate, P202Fe8o'^, 
•f 4Aq. The precipitation is complete only in the presence of sodic 
or ammonic acetate, thus :-^- 
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PejCle + 2POHoNao2 + 2 1 qq^^ = PaOaFe^o^ + 6NaCl 

+ 2l^^» 

On tlie addition of the first few drops of hydric disodic phosphate, 
and as long as the ferric salt is largely in excess, the precipitate may 
disappear again, especially on gently warming, since it is somewhat 
soluble in ferric acetate. When the precipitation is nearly complete, 
the ferric phosphate separates more speedily, especially on stirring 
and gently heating, and allowing to subside after each addition of 
the phosphate solution. The precipitated ferric phosphate should 
be filtered hot, and washed by decantation with not water. It is 
soluble in dilute mineral acids — ^hence the addition of an alkaHne 
acetate — ^insoluble, however, in acetic acid, like the corresponding 
chromic and aluminic phosphates. 

Phosphates of the alkaline earthy metals (Ba, Sr, Ca, Mg), which 
are readily soluble in acetic acid, m,ay thus, be separated by filtra- 
tion from the phosphates of Fe^% Al% and Cr*^. Owing to this pro- 
perty of ferric phosphate, it is also possible to decompose alkaline 
earthy phosphates, in a sodic acetate and acetic acid solution, by 
adding, drop by drop, a neutral solution of ferric chloride, according 
to the equation : — 

2POHoBao" + zjg^^ + {cOHo + ^®»^'« = ^^^^^^^ 

+ 2Ba,Cl, + 2NaCl + sjg^^, 

I 

as long as a yellowish white precipitate comes down, and till the 
supernatant liquid becomes just red, from the formation of ferric 
acetate. 

Ferric phosphate dissolves in excess of hydric disodic phosphate 
in the pi^esence of ammonic hydrate or qarbonate to a brownish-red 
solution. It is somewhat soluble in ferric, but not in ferrous acetate. 
Alkalies decompose it with difficulty only. Ammonic hydrate reduces 
it to a basic phosphate (P40(Fe206)^2Fe30^ + 16 aq.). Potassic or 
sodic hydrate removes nearly the whole of the acid. Fusion with 
caustic fixed alkalies, or with ftision-mixture, or boiling with ammonic 
sulphide, decomposes ferric phosphate completely, leaving the iron 
as o^de or sulphide, from which the soluble alkaline phosphate can 
be separated readily by filtration. 

Citric or tartaric acid prevents the precipitation of ferric phos- 
phate. 

K^FeCye gives &Jme hhie precipitate, 3FeCy3,2Fe2Cy6, known as 
Pra88lan Mae, thus :— 2Pe2Cl6 + SK^FeCye = 3FeCy2,2Fe2Cy6 + 
12KC1. Insoluble in hydrochloric acid; decomposed W KHo or 
NaHo ; soluble in oxalic acid ; soluble alsp in excess of KiFeCye, to 
a blue solution. 

KflFe^Cyw produces no precipitate, but the yellow colour of the • 
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ferric solntion changes to reddish brown. (Distinction between 

FEEROUS AND FERRIC SALTS.) 

CjKs (potassic sulphocyanate) gives a dark red or blood red 
colour, even in the case of very dilute solutions, which is not 
destroyed by hydrochloric acid. The sensitiveness of the reaction 
is heightened by shaking a hydrochloric acid solution containing 
mere traces of a ferric salt with ether. The blood red ferric sulpho- 
eyanate, Cy6Fe2S^, being soluble in ether, becomes thus concentrated 
into a small bulk of liquid. The colour of the liquid is readily 
destroyed by a solution of mercuric chloride (also by tartaric or 
phosphoric acid). (Distinction of Fe" from Fe^^.) 

ThiB confirmatory test should invariably be applied, because ferric acetate, 
when heated in presence of acetic acid, gives likewise a deep red coloration, 
which becomes lighter coloured on cooling. 

Excess of soillc acetate, added to a solution of a ferric salt, pro- 
duces a deep red coloured liquid, owing to the formation of ferric 
acetate. On boiling, the whole of the iron is precipitated as basic 
ferric acetate in the form of brownish yellow flakes, which should 
be filtered hot, and as quickly as possible, as soon as the fluid has 
become clear. (Method for separating Fe*'^ from Mn".) 

Ammonlc succinate or benzoate precipitates ferric, but not ferrous salts, 
as ferric succinate or bensoate.* The ferric solution should be perfectly 
neutral. Salts of FeO, HKnO, CoO, NiO, ZnO are not precipitated. (Method 

OE SEPARATION OF Fe*^ FBOM Fb", Mn, Ni, Co, Zn.) 

Freshly precipitated and well washed baric or^ calcic carbonate, 

suspended in water, precipitates ferric (not ferrous) chloride, as 
ferric hydrate, Pe2Ho6, mixed with basic salt, with evolution of 
carbonic anhydride. The reagent is added to the neutral ferric salt 
in the cold and well shaken up with it, till the ^reddish brown pre- 
cipitate acquires a whitish appearance from excess of the alkaline 
earthy carbonate. 

CTOBao" separates in hke manner the higher or -ic chlorides of 
this group from the lower or -ous chlorides. In order to separate 
ferric from ferrous compounds, or ferric (chromic and aluminic 
compounds) from ferrous, zincic, manganous, cobaltous, and nickelous 
salts, it is necessary that these metals should all be obtained in the 
form of chlorides, when, on the addition of baric carbonate, the 
respective hydrates, mixed with basic salts, are precipitated from the 
ferric, etc., chlorides, whilst ferrous chloride and the chlorides of 
Zn, Mn, N"!, and Co, are not affected. Air has to be excluded as 
careftdly as possible, in order to prevent the oxidation of the ferrous, 
manganous, and cobaltous oxides ; and the reaction should be per- 
formed in a small flask, filled nearly to the neck with the liquid, and 
kept well stoppered, after the evolution of the carbonic anhydride 
has ceased. The addition of ammonic chloride, previous to the 
precipitation with baric carbonate, almost entirely prevents any 
cobaltous and nickelous hydrates from falling out with the baric 

* The formulsD of these compounds will be explained under the respective 
acids. 
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carbonate precipitate. (Method for sepakating Fe*^, (also Al and 
Or), from Fe", Zn", Mn", Ni", and Co".) 

The precipitate is filtered off and dissolved in hydrocUoric acid ; 
the barium is removed by means of dilate sulphuric acid, and the 
iron, etc., precipitated by Am Ho. 

Tannic as well as iralllc add (tincture of nut-galls) produces from neutral 
ferric salts a bluish black precipitate (ink), readily soluble in acids. 

A yery delicate reaction for Fe*^ consists in adding a few drops of a solution 
of potassic ferricyanide to a dilute solution of a ferric salt, and next a few drops 
of a very dilute solution of stannous chloride, SnClg. A blue precipitate indi- 
cates the presence of iron, thus : — 

(1) Pe2Cl6 + K6Fe2Cyi2 gives no precipitate, but merely a dark brown 

coloration. 

(2) FosCle + SnCls » 2FeCl3 + SnOU. 

(3) SPeClj + K6Fe2Cyi2 = Fe^aFeaCyu + 6KC1. 

Tumbull's blue. 

A ferric salt when cominfir in contact with certain bodies (especially bodies con- 
taining some latent bonds) which possess a stronger affinity for oxygen, chlorine, 
etc., than the ferric compound, acts towards such bodies as an oxidizing aircnt- 
Thus S*'OHo2 is converted into S''*02Ho2 ; KI gives off iodine ; Sn^Clj is con- 
verted into Sn^^CLi ; SS0Nao2 (sodic hyposulplute) is oxidized to SOaHoNao. 
Iron and zinc readily reduce ferric to ferrous salts. 

C. Ferric anhydride, Fe'^O^, or ferric acid, Fe^OjHos, containing hexad 
iron, has never been obtained in an uncombined state. The alkali salts only are 
known and are obtained, like the alkaline manganates, by fusing iron filings with 
nitre. Ferrates are decomposed far more readily than manganates. 



QUESTIONS AND EXERCISES. 

1. Mention compounds illustrative of the dyad, tetrad, and hexad nature of 

iron. 

2. Enumerate some of the most important iron ores used for the extraction of 

iron in this country. Give constitutional and graphic formulae. 

3. Which are the more important sulphides of iron ? Give constitutional and 

graphic formuke. 

4. Give the graphic formulffi of chloropal, chrome iron ore, green copperaSy and 

vivianUe. 
6. How is iron detected in the dry way ? 

6. What takes place when iron is dissolved in HCl, in SO2H02, or in dilute 

HO2H0 ? 

7. Explain the change which takes place when FeCl2 is severally acted upon 

by atmospheric air, by chlorine, KO3CI and HCl, NO2H0, Sg^Cla, 
AuCls, and by inK]l206Ko2 and HCl. Express the changes by equa- 
tions. 

8. Give graphic formulae for ferric chloride, ferric hydrate, ferrous sulphide, 

dipotassic ferrate. 

9. Explain the action of SH3 and SAmj upon ferric salts, Ist, in acid solu- 

tions ; 3ud, in neutral or alkaline solutions. 
10. How does K4FeCy6 and !l^Fe2Cyi3 enable us to distinguish between ferrous 

and ferric salts ? 
IL State why £eFe3Cyi2, in the presence of S11CI2, produces a blue precipitate 

with ferric salts. 
12. Explain the action of CyKs upon ferrous and ferric salts. 
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13. Explain the action, Ist of | ^OHo* ^^^' ^^ ^"^^' ^^' ^^ ^^eCj9 upon 

Prussian blue. 

14. Wliat change is produced when Fe jCl^ is brought together, Ist, with SOs, 

2nd, with SnCls ? 

15. Explain the action of metallic iron or metallic zinc upon SaOgFe/)^. 

16. How would you prepare dipotassic ferrate P Explain the action, 1st, of 

water j 2nd, of HCl upon it. 

17. !&ow much hydrogen gas by weight and volume (at 0° C. and 760 mm.) is 

obtained when 10 grms. of metallic iron are dissolyed in dilute hydro- 
chloric acid ? 

18. How much sulphurous anhydride gas by weight and by yolume is required 

to reduce 1*324 grm. of ferric sulphate to ferrous sulphate P 

19. Describe the properties of ferric phosphate. State why an alkaline acetate 

has to be added, previous to precipitation with hydric disodic phosphate, 
and explain the decomposition of the phosphates of the alkaline earths by 
means of ferric chloride in an acetic solution. 

20. The value of a ton of Sicilian sulphur (containing 94 per cent, of S) is £5, 

that of a ton of iron pyrites, FeSj, containing 46'5 per cent, of sulphur, 
£1 10s. 6d. Ascertain which can be more profitably worked in the manu- 
fftcture of sulphuric acid, having regard merely to the respective sources of 
sulphur. 

21. How much metallic iron is required to manufacture one ton of crystallised 

green vitriol 1 

22. '432 grm. of brown hatnaiite ore g^.ve '350 grm. of FejOs. What is the 

percentage of metallic iron in the ore, and what the percentage of hrovm 
hematite present ? 

23. How is FOsOs separated from FeO P Describe two methods. 

24. How would you separate PeaOa from Zn", Mn", M", and Co" ? 

25. Why is it preferred to precipitate FOsCIq by means of AmHo, instead of 

KHoP 



CHROMIUM^ Cr", *^ and ^. — Tliis elementis comparatively rare. 

It occurs in natnre cluefly as chrome iron ore, < CrO"'^®^ "» ^^^ ^^" 

coisite, Cr02Pbo". Chromic oxide constitutes the colouring matter 
in ruby, green serpentine, etc. 

BEACTIONS IN THE DRY WAY. 

Chromium compounds are readily recognized by the very 
characteristic green colour which the oxide imparts to hordx and 
microcosmic salt, especially in the reduemg flame. Finely powdered 
chrome iron ore, when fused in a platinum spoon or crucible with 
four times its weight of hydric potassic sulphate, and then with the 
addition of an equal bulk pf nitre and COK02 (equally mixed), yields 
a yellow mass of potassic cliromate, Cr02Ko2, which is soluble in 
water. 

BEACTIONS IN THE WET WAY. 

Chromic salts can be prepared from the yellow Cr02Ko2, or the 
red dipotassic dichromate, Cr306Ko2, by heating with dilute hydro- 
chloric acid and adding alcohol, drop by drop, when the yellow 

solution changes to a deep green solution of Cr2Cl6 = s 'Cr"'Cl'' 
in which the Cr exists as a tetrad element. 
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A lower chloride, CrOlj, has been prepared in which Gr acts as a dyad element ; 
but as it has to be carefully kept from the air to prevent its becoming rapidly 
oxidized, and as it is of no real practical use, a passing notice of it will suffice. 

Chrominm is capable of forming three series of compounds* 

Chromous compounds Chromic compounds Chromates 

containing dyad Or. containing tetrad Cr. oonlaining hexad Gr. 

Cr"Cl2. 'Cr"'2Cle. Cr^O^Koa. 

Cr"0. 'Cr"',03. Cr^O^Pbo". 

Cr"Hoa. 'Cr"'2Hoe. 

of which we purpose studying only the two latter. 

A. Chromic Compoimcis. — ^We employ A solution op Chromic 
Chloride, CraCla. 

SAm2 (group reagent) precipitii»tes hi/wish green chromic hydrate, 

CraHoe, insoluble in excess. 

AmHo precipitates the hydrate, somewhat soluble in excess, the 
fluid acquiring a pink tint. The precipitation is complete on 
boiling. 

KHo or NaHo, same precipitate, readily soluble in excess to a 
green solution; reprecipitated by long-continued boiling or on 
adding AmCl, whereby the fixed alkali is removed as KCl or NaCl 
with substitution of AmHo. 

CONao^ and COAmo2 give greenish precipitates pf ipaslc car- 
bonates (varying in composition), somewhat soluble in excess. 

FOHoI^ao2 (hydrlc dlsodlc 'phosphate) precipitates green 
chromic phosphate, F202Cr20'^, soluble in mineral acids, insoluble 
in acetic acid. 

COBao" precipitates basic carbonate. The precipitation takes 
place in the cold, but is completed only after long digestion. 

In the presence of citric, tartaric, and oxalic acid, also of sugar, 
the precipitation of chromic salts by meanp pf ammonia, sodic, or 
baric carbonate is more or less incomplete. 

Chromic compounds may be recognised also by converting the 
chromic oxide into chromic acid. This may be accomplished :— 

1st. By boiling a solution of Cr2Cl6 with Pb02 and KHo or 
NaHo. The reaction which takes place, and which is indicated 
by a change of colour (from green to yellow)^ may be expressed 
thus : — 

(1) OrjCle + 6KH0 = CrjHoe + 6KC1. 

Soluble in 
excess of KHo. 

(2) Or2Ho6 + SPbOj = 2Cr02Pbo" + PbO + 3OH2, 

Soluble in Soluble in 
KHo. KHo. 

• The intermediate oxides, •< crO^^" (chromous dichromic tetroxid^), fincl 
CrOs (chromic dioxide) cannot be considered her^* 
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On acidnlating the solntion with acetic acid, a precipitate of 
plumbic chromate, Cr02Pbo" is obtained. 

2nd. By boiling a solution of CrgCle with NaHo and sodic hypo- 
chlorite, ClNao, thus : — : 

CrgHoe + SClNao + 4NaHo = 2Cr02]Sraoa + 3NaCl + SOHj. 

Yellow disodic 
chromate. 

3rd. By fusion with alkaline carbonates and nitre (or, better 
still, with potassic chlorate), as shown above. 



B. Chromic anhydride, Or^^Os. — Chromic acid, Cr02Ho2, com- 
bines with KHo to form two salts, the normal, or yellow chromate^ 

rCrOaKo 
Cr02Ko2, and the orange red dichromatey < O , isomorphous 

L Cr02Ko 
with the corresponding sulphate and disulphate. A solution of the 
neutral (yellow) chromate is changed to an orange red (acid) dichro- 
mate solution on boiling with nitric acid, one half of the alkaline 
base being removed in the form of potassic nitrate. The two salts 
are separated by crystallisation. 

The anhydride may be prepared by slowly adding to a cold saturated solution 
of the red dipotassic dichromate \\ times its bulk of concentrated sulphuric acid, 
and allowing it to cool slowly. CrOs crystallises out in brilliant crimson red 
prisms. The mother-liquor is poured off, and the crystals placed to drain upon a 
porous tile or slab of unglazed porcelain (biscuit) and kept covered with a bell- 
jar. They must be preserved in a well-stoppered bottle. 

Chromic anhydride is one of the most powerful oxidizing agents 
known. Two molecules of CrOa yield upon ignition chromic oxide 
and three atoms of oxygen, according to the equation : — 

2Cr03 = Cr203 + O3. 

The metal chromium appears to exist in nature mostly in the tetrad and 
hexad state, as a glance at its natural compounds will show. Chromium differs, 
however, in a marked manner from iron and manganese, which can likewise exist in 
the tetrad and hexad state, by forming more stable hexad compounds (chromates), 
whilst in perchromio acid, on the other hand, the metal chromium appears to 
hold the oxygen less firmly than manganese holds it in permanganic acid. 

Reactions of CrOs based upon its Oxidizing Action. 

A solution op dipotassic dicheomate, Cr206Ko2, may be em- 
ployed. 

SH2, in the presence of free hydrochloric acid, reduces the orange 
red solution to a green liquid, sulphur only being precipitated, 
thus : — 

Cr206Ko2 H- 8HC1 -\- 3SH2 = Cr2Cl6 + 2KC1 + 7OH2 + S3. 

SAm2, added in excess to a solution of an alkaline chromate or 
dichromate, precipitates dirty green hydjrai«d ehromle ehromate. 
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On boiling, the whole of the chromium separate3 as green ehromlc 
hydrate, thns : — 

CraOsKoj + 3SAm2 + 7OH2 = OraHoj + S, -h 2KHo -f 6AmHo. 

In the one case the H2 of the SHj acted as the reducing agent ; 
in the other the (NH4)8 of the SAma. 

SOH02, in the presence of a little free SO2H02, reduces the 
dichromate to chromic sulphate, thus : — 

Cr206K02 + 3SOH02 + SO2H02 = SaOeCraO^ + SO2K02 + 40H,. 



Chromic sulphate and potassic sulphate constitute potassium 

S02Koi 

SO = ^ 
chrome alum, or (dipotassic chromic tetrasulphate) gr)*_ CrjO^. * 

SoIkoJ 
I COH (®^"M® add), in the presence of free acid (dilute 

sulphuric acid), produces the same reaction, carbonic anhydride 
being evolved. Six molecules of COj become the measure for one 
molecule of dipotassic dichromate. Tartaric and citric acid act in 
like manner. 

SO2K0-1 

CraOsKo, + 3 1 §gg^ + 4SO2H02 = lol^^'''^ "^ ^^^^ "^ ^^^^- 

SOfHoi (concentrated) reduces the dichromate, on the appHcation 
of heat, with evolution of oxygen and formation of potassium chrome 
alum, thus : — 



{ 



CrO,Ko tn'=^ 

+ 4.S0,Ho, = an Crjo^ + 40H, + 0,. 



HOI (concentrated) evolves chlorine, and the hydrogen combines 
with the three available atoms of oxygen in the dichromate thns : — 



{ 



Cr02Ko 

+ 14H01 = Cr2Cl6 + 2KC1 + 7OH2 + dCh. 

Cr02Ko 



AS2O3 (in a hydrochloric acid solution) is converted into 
AsOHos, thus : — 



I 



OrOzKo 

+ 3AsHo8 + 8HC1 = Cr2Cl6 -f 2KC1 + SAaOHos 

CrOjKo + 40Ha. 



SnCl,, SbCU, PeCU, Zn (Fe, Sn, etc.) in the presence of dilute HCl 
reduce likewise chromates or dichromates. 
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Reactions for CrOs produced by Double Decomposition. 

Chromates of the alkalies and alkaline earthy bases (with the 
exception of baric chromate), also of iron (Fe*^), zinc, manganese, 
and copper, are soluble in water ; all other chromates are insoluble, 
bnt dissolve readily in dilute nitric acid. 

Bfi^Clg, added to a solution of a normal chromate (or dichro^nate), 
gives a light lemon yellow precipitate of baric chromate, CrOgBao", 
even in very dilute solutions ; insoluble in acetic acid, readily soluble 
in nitric or hydrochloric acid, and reprecipitated by AmHo. 

fCH, 

I CO 

f rir\ Pbo" (plmnlile acetate) gives a fine lemon yellow precipi- 

.{CH, 
tate of plumbic chromate, CrOgPbo", soluble in KHo, sparingly 
soluble in dilute nitric, insoluble in acetic acid. The neutral salt is 
converted upon digestion with alkalies into a basic red ohroioate, 
OrOPbo'Tbo". 

NOaAgo (argentic nitrate^ gives a dark purple red precipitate of 
dlargentlc chromate, CrOzAgOg, soluble in nitric acid and ammonia. 

rCrO:,Ago 
From weak acid solutions dlargentlc dlcbromate, < , is pre- 

l CrOaAgo 

cipitated* 

NO 

jj^-v^Hgjjo" (mercurons nitrate) gives a dark brick red basic 

precipitate of CrOHg2o"Hg2o", which on ignition is converted into 
oxygen, mercury, and fine green CraOs- (Method ot* separating 
Chbomio Acid from Chromic Oxide.) 

On bringmg together a little chromic acid with hydric peroxide, O3H3, in an 
aqueous solution, a deep indigo-blue solution is produced, owing probably to the 
formation of febchbomio acid, in which chromium plays the part of a pseudo- 
octad element, analogous to permanganic acid. 

A solution ofperchromic acid decomposes, however, rapidly with evolution of 
oxygen, leaving Or02Ho2, and its constitution b yet doubtful. A solution in ether 
is far more stable than an aqueous solution. It is obtained by adding ether to a 
very dilute (acid) solution of O2H2 and then a drop of a dilute solution of a 
chromate, Qn shaking up gently the ether takes up the whole of the perchromic 
acid, and acquires an intensely blue colour. Mere traces of Cr03 can be dis- 
covered in this manner, or vice versd the smallest quantities of O2H3. 

QUESTIONS AND EXERCISES. 

1. Which is the most important chromium ore P Give symbplip and graphic 

formula. 

2. How is chromium detected in the dry way ? 

3. What analogy exists there between chrome iron ore and chromous dichromic 

tetroxide? 

4. Describe how chromic chloride or sulphate is obtained from an alkaline 

chromate. 

5. Give symbolic and graphic formulae fbr dipotassic chromate and dichromate, 

and trace their analogy with the corresponding sulphates. 

6. Describe the reactions by double deoompositkon which you can produce with 
chromic compounds. Give equations. 
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7. How can chromic compounds be converted in the wet way into chromates ? 

Give instances and express the changes by equations* 

8. How is chromic anhydride prepared ? 

9. Give instances of the oxidizing action of chromic acid. Express the changes 

by symboUc eqliations. 

10. What is the composition of potassium chrome alum ? State shortly by what 

processes it is prepared from chrome iron ore. 

11. You have given to you oxalic, hydrochloric, and concentrated sulphuric acids, 

dipotassic dichromate and water. State how you would prepare CO3, O, 
or a gas from these materials, and express the changes by equations. 

12. What is the action of nascent hydrogen upon alkaline chromates ? Ghive 

several instances and express the changes by equations. 

13. Describe some of the most characteristic reactions for chromic acid produced 

by double decomposition. Ghive equations. 

14. How would you distinguish between chromic oxide and chromic acid occurring 

in one and the same solution? 

15. Which chromates are soluble and which are insoluble in water ? 

16. What evidence is there for the existence of perchromic acid ? 

17. How can we test for mere traces of hydric peroxide ? 

18. Calculate the percentage composition of potassium chrome alum, containing 

24 molecules of water of crystallisation. 

19. How can Or be separated from every other metal of Ghroup III, except Mn ? 

20. How can CP2O3 be separated from Fe", Zn", Mn", Ni", Co" salts] 

21. 1*600 grm. of chrome iron ore yielded 2*95 grms. of Cp02Pbo". What 

percentage of Cr does the -ore contain, and how much dipotassic dichromate 
can be manufactured from one ton of the ore ? 

22. 1*2 grm. of a sample of sodic chromate yielded with < fjoFT^ '^^ S^*™* ^^ 

CO2. What percentage of chromic anhydride did it contain P 



ALUMINIUM, Al" and *^.— One of the metallic elements which 
occurs most abundantly in nature, both in the form of the oxide and 
as an important constituent of many minerals, in combination with 
SILICA, with SULPHURIC, PHOSPHORIC, and other acids; and in the form 
of FLUORIBB in cryolite, and the rare topaz. For a list of some of the 
more interesting aluminic compounds the student is referred to 
" Lecture Notes," page 179. 

REACTIONS IN THE DRY WAT. 

Alumina, when heated on charcoal, is distinguished from other 
earths by its property of assuming a beautiful skt blub colour, 
after being moistened with a solution of cobaltons nitrate and ignited 
once more strongly, owing to its forming with the cobalt oxide a 
quasi-salt — cobaltons aluminate. This test is not always decisive, and 
becomes inapplicable when coloured oxides, such as Fe203, MnO, 
&c., are present, in which case recourse must be had to the exami- 
nation in the wet way, in order to discover AlsQs. 

REACTIONS IN THE WET WAY. 

We employ a solution of ammonium alum, S408Amo2Al2O^, in 
which Al plays the part of a tetrad (pseudo-triad) element, or of 

{'A1"'C1 
'AVCU* 
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SAin2 gives a white gelatmous precipitate of alamlnlc hydrate, 
Al2Ho6, snlpliuretted hydrogen being evolved, thus : — 

SiOsAmoaAlzO^ + SSAms -f 6OH2 = AI2H06 + 4SOaAmo3 

+ 3SH2. 

KHo or NaHo* precipitates the hydrate, readily soluble in excess, 
reprecipitated by excess of AmCl, or by AmHo, after neutralisation 
of the alkali by hydrochloric acid. The alkaline solution is not 
precipitated by SA.ni2 (method of separation of Al from Fe*^). 

AmHo precipitates the hydrate, somewhat soluble in excess, in- 
soluble in the presence of much ammonic chloride, and on boiling. 

CONaoa or COAmo2 precipitates basic carbonate of uncertain com- 
position. 

COBao" completely precipitates AI2H06, mixed with basic salt, 

very slowly, even in the cold. Carbonic anhydride escapes. 

F0HoK'ao2 gives a htdky white precipitate of alumlnlc phosphate, 

P202Al2O'^, insoluble in AmHo and AmCl; soluble in KHo or NaHo, 
like the hydrate (AmCl reprecipitates the phosphate from the soda 
solution), and in acids, but not in hot acetic acid (Distinction of 
AljOs FROM Altjminic Phosphate). Alkaline acetates precipitate 
P202Al20^ from its solution in mineral acids. The presence of 
citric acid prevents its precipitation, but not that of tartaric acid or 
of sugar. 

In order to decompose aluminic phosphate (e.ff.j in the mineral tnavellitej 
y40(Al20'*)s,12OH2), it is best to fuse the finely powdered mineral ^ith li part 
of finely divided SiOj a-^id 6 parts of CONao2, in a platinum crucible, for about 
Iialf an hour. The mass is digested for some time with water, and COHoAmo 
added in excess ; it is then filtered and washed. The residue consists of aluminic 
and Bodic silicate, the solution contains the sodie phosphate. Dissolve the residue 
in dilute hydrochloric acid, and evaporate to dryness to sepeurate SiO^, and 
filter. The filtrate may be tested for Al in the usual way. 

Alumina occurs mostly in minerals which are not soluble in 
acids. Boiling with concentrated sulphuric acid attacks many ; all 
are, however, decomposed by fusion with SO2H0K0, or with fusion 
mixture, and become readily soluble in water, or in dilute hydro- 
chloric acid. 

Powder up some porcelain very finely, and fuse for half an hour in a platinum 
crucible with four times its weight of fusion mixture. Extract with water. 
Transfer both the soluble and insoluble portion — consisting of alkaline aluminate 
— to a porcelain dish, acidulate with hychrochloric acid, and evaporate to dryness. 
Take up with a few drops of concentrated hydrochloric acid and hot water, and 
filter ; wash the insoluble SiO^ well witli hot water. The filtrate contains the 
aluminium as AljCl^, from which it can be precipitated as usual. 

Aluminic silicate is often found in nature associated with potassic 
or sodic sUicate, as in felspar (dipotassic aluminic hexasilicat^), ' 

• Potassic or sodic hydrate is mostly contaminated with alumina, derived 
during the manufacture from porcelain vessels, etc., and it is, therefore, absolutely 
necessary to employ pure NaHo (prepared from sodium) for the separation of 
Fe and Al. It must likewise be recollected that NaHo acts destructively upon 
porcelain and glass vessels ; th^ precipitate should, therefore, not be he^«d 
longer than is necessary for its complete precipitation. 
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Si«08Ko2Al20^, and albite, SicOgNaojAUo^. In order to test for 
potassium and sodinm, alkali salts must, of course, be carefully 
avoided. This can be done by making use of bydroflaoric acid. 

Introduce a small quantity of finely -powdered felspar into a platinum crucible 
or dish ; treat with liquid hydrofluoric acid, and evaporate at a gentle heat in a 
closet which is connected with the chimney. HF attacks the SiO^, forming 
silicic fluoride, SiF4 — a volatile compound — and leaves the aluminium and 
potassium behind as fluorides readily soluble in dilute hydrochloric acid : — 

SleOgKoaAlaO^ + 32HF = 6SIF4 + 2KF + Al^Fg + I6OH2. 

The decomposition is generally only completed after two or three evaporations 
with HF. 

QUESTIONS AND EXERCISES. 

1. Enumerate some of the more important aluminium minerals ; give constitu- 

tional and graphic formulae. 

2. How is AI2O3 detected in the dry way ? 

3. Give equations for the reactions of aluminium in the wet way. 

4. How is wavellUe examined for alumina ? 

5. How can insoluble aluminium minerals be rendered soluble in water or 

acids F 

6. Explain the action of HF upon felspar and albite, 

7. How can AI2O3 be separated from ^6203 ? 

8. How is AI2O3 separated from Fe", Zn", Mn", Ni", Co" compounds ? 

9. Calculate the percentage composition of felspar. 

10. How can AI2O3 be distinguished from T?.20zA\.2q^^ ? 



The separation of the metals of Group III is surrounded by some 
difficulties, on account of the unavoidable complication which arises 
from the possibly simultaneous precipitation of — 

1st. Sulphides, viz., NiS, CoS, MnS, ZnS, FeS. 
2nd. Hydrates, viz., CrgHoe, AI2H06, and 
3rd. Phosphates of Cr, Al, Ba, Sr, Ca, Mg, 

and it is therefore well always to ascertain, by a special experiment, 
whether phosphoric acid, in combination with the above metals, is 
present or not in the solution under examination. 

This can readily be done by adding AmCl, AmHo, and SAm2 
to a small portion of a solution of metals of this group (or to the 
filtrate from Group II). On dissolving the precipitate which these 
reagents produce in a little dilute hydrochloric acid, with the addi- 
tion of some concentrated nitric acid, and adding a solution of 
ammonic molybdate,* a yellow precipitate is obtained (especially 
on digesting for some time at a gentle heat), showing the presence 
of phosphoric acid. If no precipitate is obtained, the solution need 
only be examined for Ni, Co, Mn, Zn, Fe, Al, and Cr. 

I. Phosphoric acid Is absent. — This is sufficiently indicated, if 
the original substance dissolved readily in water. If insoluble in 
water, but soluble in dilute acids, phosphoric acid may likewise be 
absent from the substance, but not necessarily so. 

* For the preparation of this reagent see Appendix. 
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It would M^p^eur ui fint n^bt that the deportment of the fire sulpliidw and 
two hjdntet witli Mnmonic chloride nnd awiTnonic hjdimte, sodic or potaeaie 
hjdrate, or dQute acids (ex. gr.^ Hd), would enable us to separate the members 
of this gKH^, or sereral of them, from each other. We hare seen for example 



1st. ISfit Co, Mm, Zm are wot preeipUated by AmHo firom a eoUttiom eomtamimg 
large exeete of AmCl; wkilst FesHoc CrTsHof, amd AljTTiTt are predpUaied. 
It has, howerer, been found that the mode of separation, based upon this solrent 
property of ammonic chloride, giTcs rerj imperfect results ; since the TOsHoc 
carries down rarjing quantities of other oxides, espedallj also on exposure <^ 
the solution to the air, when higher oxides of manganese and cobalt are formed 
whi<^ are not sc^uble in ammonic chloride. Small quantities of Ki, Co, Mn, and 
Zn are thus frequently oreriooked altogether. It is only by rediseolying the 
precipitate and rrorecipitating sereral times orer with AmCl and AmHo, tali 
the ammoniacal filtrate gires no longer a precipitate with sulphuretted hydrogen, 
that iron can be separated from manganese, etc, in this manner. 

With these precautions, howerer, it is mostly possible to separate the metals of 
this group from each other by first precipitating ferric, chromic, and aluminic 
hydntes by means of AmCl and AmHo, and then, from the filtrate, the sulphides 
oi Ni, Co, Mn, and Zn by means of SH3 or SAm^ ; and the following method 
of separation may be consulted with advantage by beginners, as well as the more 
aoeurate, but more tedious one, of separation by COBao" (see Table, p. 50). 

2nd. Thai Zm, Al, and Or are precvpitated by KHo or NaHo, but are soluble 
im excess ; whilst the other metallic hydrates are insoluble. From this it would 
appear that these three metals can be separated by means of the fixed alkaline 
hydrates. But it has been found that Ve^o^ MiHo], CoHoj, KnHof cany 
down appreciable quantities of ZnHo] and— more especially the FeiHof preci- 
pitate — of CrjHos, and that a complete separation cannot be effected by pre* 
cipitation with KHo or NaHo. 

3rd. Cold dilute hydrochloric acid does not dissolve CoS or NIS to any great 
extent, but dissolves the other sulphides and hydrates. This method, if practised 
with care, gives «mx1 results ; small traces only of CoS and If IS being generally 
dissolved out. But as it leaves the iron, aluminium and chromium still to be 
separated from manganese and zinc, no saving of labour is effected thereby in the 
separation of these seven metals. 

In finely divided freshly precipitated iMurlc earlieiiate^ COBao", 
we possess a reagent which sepa/rates the lower oxides, viz., ZnO, MnO, 
NiO, OoO (thifl latter not qnite so perfectly, except in the presence 
of much ammonic chloride), from the higher oxides, vi«., Pe208, 
AlflO}, and Cr208. The metaLs should be first obtained as chlo- 
rides. 

The examination of i^Q precipitate produced by OOBao" is based 
upon — 

1st. The sohihiUty of Al2Ho6 in NaHo. 

2nd. The con/version of CrgOs into CrOs by fusion with sodic car- 
bonate a/nd nitre, or by boiling vrUh GlNao, or with Pb02 vn, an 
alkaU/ne solution. 

The examination of the filtrate is based upon — 

1st. The solubiUty of ZnHoa in sodic hydrate. 
2nd. „ MnS m acetic acid. 

8rd. The formation of soluble K«CoaCyi2 and the precipitaUon of 
Ni as black aU^Ot by ClNao or chlorine. 

Directions for the separation of these seven metals will be found 
in the analytical tables under Gfroup IIIa. 
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PRACTICAL EXERCISES* ON GROUPS IIIa, IV and V. 

You are requested to analyse — 

1. A solution of ferric chloride, ammonium alum and manganous chloride, con- 

taining "500 grm. of Fe, "050 grm. of Mn, and '050 grm. of Al. 

2. A solution of S02Nio" and N2O4C00", containing '050 grm. of Ni and '010 

grm. of Co. 

3. A mixture of the solid salts : zinc white, gre3n vitriol and potassium alum ; 

both in the dry and in the wet way. 

4. A solution of S02Zno" and potassium chrome alum, containing 'SOO grm. of 

Or and -050 of Zn. 
6. A mixture of potassium chrome alum and green yitriol (about '050 grm.), in 
the dry way only. 

6. A mixture consisting of ferric oxide, manganic oxide, and zincic oxide con- 

taining -050 grm. of Pe203, -010 grm. of Mn02 and '100 grm. of ZnO ; 
to be examined in the dry way only. 

7. A sample of dolomite^ for Fe" (Mn) Ca and Mg. 

8. A sample of calc spar^ for Fe" and Mg. 

9. Samples of iron ores, e.g.y red hcBmatitej hrovm hematite y magnetie iron are, 

martial pyriteSy to be examined for water and sulphur only. 

10. A sample of calamine^ in the dry way only. 

11. A sample of chrome iron ore for chromium in the dry way only. 

12. A sample of magnetic iron ore for Fe'', in the wet way. 

Tabulate the reactions produced by AmCl and AmHo, NaKo or SAm2 with 
the members of Ghroup IUa, according to the following scheme : — 



Reagent. 


AI2O3. 


Or208. 


Pe203. 


ZnO. 


MnO. 


NiO. 


Cop. 


AmCl, 

and 
AmHo. 


A white gelatin- 
0U8 precipitate 
of AI2H06, 
slightly soluble 
in excess, re- 
precipitated on 
boiling. 


• 












NaFo. 


Ditto, soluble 
in excess. 














SAm2. 


A white gelatin- 
ousprecipitate 
of AI2H06, in- 
soluble in ex- 
cess. 




» 











with the main view of fixing upon the memory the solubility or insolubility of 
the precipitates in excess of the reagents. 

II. Phosphoric Add Is present. — The original substance was 
either insolnble or only partially soluble in water, but soluble in 
hydrochloric acid. In this case AmCl and AmHof produce a pre- 

• These exercises may of course be varied, and should be looked upon merely 
as indicative of the course to be pursued. 

t If AmCl and AmHo should give no precipitate, it is obvious that no phos- 
phates and no Fe, AI and Cr need be looked for. 

E 
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Add AmCl in considerable excess ; heat gently, and then add AmHo drop hj 
the form of Fe*^.) Filter quickly, and wash with hot water. Beserve the 
dilute HCl on the filter. Collect the acid filtrate in another beaker, and 
good SHj water produces any precipitate in the filtrate. Mix now the 



SoLrTiON. — ^Pass a current of SKj through the solution, and filter off ZnS, 
MnS, If IS, CoS. Wash ofit the filter, and redissolve the precipitate in 

dilute HCl, with the addition of a few small crystals of •< ^^-^ . Add 

KaHo in excess, boil, and filter. 



The SoLTTTiON may 
contain Zn, as 
ZilNao2. Add 
SHj. White 
precipitate of 
ZnS. 

Preaenee Qf En. 



The Pbboifitate may contain M11H02, C0K02, and 
NiHo2. Wash, dissolve in a little dilute HCl ; nearly 

{CH 
GOAmo * P*^®* 
a rapid current of SHg for several minutes through the 
solution, and filter. 



The SoLrnoN 
contains the 
manganese as 
acetate. 

Add AmCl, AmHo, 
and SAm^. 

Flesh - coloured 
precipitate of 
KnS. 

Presence of Mn. 



{ 



in 



HCl and 
neutralize with 



Bbsidije. — Dissolve 
OCl 1 

CONao2 ; add a weak solution* of 
KCy, so as just to redissolve the 
precipitate first produced. Boil 
briskly for some time, allow to cool 
(filter off any slight precipitate), 
and add a strong solution of ClNao ; 
allow to stand for some time in a 
warm place, as long as a black pre- 
cipitate forms, and filter. 



Peeoipitatb con- 
sists of NijHoe. 
Confirm by heat- 
ing a small por- 
tion of it on a 
borax-bead be- 
frane the blow- 
pipe flame. 

A yellowish to 
sherry-red bead. 

Presence of NI. 



The Solution con- 
tains the cobalt 
as K6Co2Cyi2. 
Evaporate to 
dryness, and test 
a little of the 
residue before 
the blowpipe 
flame on a borax- 
bead. 

A blue bead in 
both flames. 

Presence of Co. 
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MEANS OF AmCl AND AmHo, AND BY MEANS OF SAm^. 



drop as long as a precipitate comes down. (The iron must be present in 
ammoniacaf filtrate. Kedissolre the precipitate by treating it with hot 
repeat in like manner the precipitation with AmCl and AmHo, as long as 
different ammoniacal filtrates with the main filtrate. 



The Fbbcipitatb consists of Fe^Hos, GrsHoe, and AlsHos. Dissolye in 
dilute HCl, add a solution of NaHo (free from alumina) in excess, and boil 
tor some time. Filter off. 



Peboipitate. — Dry and fuse, with fusion mixture, 
and IVOsKo on platinimi foil. Dissolve in hot 
water, and filter. 



Bbsidub. — ^Dissolye in di- 
lute HGl, and add 
K4Feqy6. 

A precipitate of Prussian 
Mue. 

Presence of Fe. 

Test the original HCl 
scdution, specially for 
Fe" and Fe*^ by means 
of K&sOe^Os, in a 
highly dilute solution, 
as well as by means of 
K4FeCy«, KeFejCyij, or 
CyAms. 



SoLTTTiON, yellow. Con- 
firm by adding {J^lf^ 

and ({goO^^^^" 
Yellow * precipitate of 
OrOaPbo". 

Presence of Cr. 



SoLTTTiou*. — Acidulate 
with dilute HOI, and 
add AmHo in slight 
excess. 

White gelatinous pre- 
cipitate. 

Presence of Al. 



E 2 
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cipitate, before SAm2 is added ; the precipitate may possibly consist 
of NiS, Cos, MnS, ZnS, PeS, AljHoe, CrjHoe, as well as the 
phosphates of (Cr), Al, Mg, Ca, Sr, Ba. 

It is obvions that amnionic phosphate is formed by the decom- 
position of the phosphates of the metals Ni, Co, Mn, Zn, Fe (if pre- 
sent) by SAm2 — Am CI and AmHo precipitate these phosphates 
withont decomposition — which, in its turn, wonld act npon any 
soluble salts of Mg, Ba, Sr, Ca, and precipitate phosphates of these 
metals, although none may have been present originally in the 
saline mixture. An example will make this clear. Let us suppose 
that the substance under examination consists of COBao", P202Cao"3 
and P202Fe2o'^. On dissolving in hydrochloric acid, baric chloride 
is formed, and the calcic and ferric phosphates are dissolved without 
decomposition. On adding AmCl and AmHo, a yellowish- white pre- 
cipitate of P202Fe20^ and P202Cao"3 is obtained, whilst BaCl2 is 
not precipitated. On adding, however, the AmCl and AmHo, as 
well as the SAm2, to the solution, P202Fe20^ is decomposed into 
PeS and POAmoa, which latter, by acting upon the BaCl2, would 
precipitate baric phosphate. 

In order to avoid this, the precipitate produced in Group III by 
AmCl and AmHo, which contains for the most part the whole of 
the phosphates, is filtered off, and SAm2 added to the filtrate only. 
The two precipitates are washed separately, transferred to a porce- 
lain dish and boiled with a little SAmg, which decomposes the 
metallic phosphates (possibly also some Pe2Ho6) ; leaving the phos- 
phates of the earths and alkaline earthy bases (if any), as well as 
the hydrates of Cr and Al, unchanged. The insoluble residue is 
filtered off and washed with hot water (to which a little SAm2 has 
been added to prevent oxidation of PeS, etc.) ; the filtrate is tested 
for phosphoric acid by means of AmCl, AmHo and S02Mgo". A 
white crystalline precipitate shows that phosphoric acid was present, 
in combination with the metals jpredpitable as sulphides. 

The residue is dissolved in very little hot hydrochloric acid, with 
the addition of a little concentrated nitric acid ; filtered, if neces- 
sary, from the sulphur which separates, and concentrated to a small 
bulk by evaporation. Add some ammonic molybdate to a portion 
of the nitric acid solution and heat gently. In the absence of a 
yellow precipitate, no phosphates of (Cr), Al, Ba, Sr, Ca, Mg need 
be looked for ; and the solution may be examined at once according 
to Table IIIa ; whilst a yellow precipitate indicates that phosphates 
of the earths or alkaline earthy bases, or of both, are present, in addi- 
tion to the metallic phosphates already tested for. 

If so, add an excess of a solution* containing sodic acetate and 
strong acetic acid : P202Fe20^, (as well as P202Cr20^ and P202Al20^, 
if present), are precipitated. Any phosphates of the alkaline earths 
left undecomposed by the ferric chloride already present in the 
solution, are held in solution by the acetic acid. To the filtrate add 
Pe2Cl6, drop by drop, as long as a precipitatef is obtained, and till 

* For the preparation of this solution see Appendix. 

t Phosphates of the alkaline earthy bases are probably absent, if FOsCle pro- 
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the colour of the supernatant liquid becomes distinctly reddish. 
Digest at a gentle heat ; allow to subside and filter. In this manner 
the whole of the phosphates of the alkaline earthy bases are decom- 
posed, with formation of P202Fe20'^, insoluble in acetic acid — (which 
precipitate may be neglected), and chlorides of Mg, Ba, Sr, Oa 
which remain in solution, together with the chlorides of Ni, Co, 
Mn, Zn (and the excess of Pe2Cl6 added). The precipitate pro- 
duced by AmCl, AmHo and SAm2, from which the whole of the 
phosphoric acid has been thus removed, can be examined according 
to Table IIIa. The alkaline earthy metals are separated according 
to Tables IV and Y. It should be boriie in mind that these metals 
can have been present in the original substance only as phosphates, 
and the filtrate which contains them should on no account be mixed 
up with the main filtrate from Group III, but should be examined 
separately. 

It may be of interest, occasionally, to ascertaj^i, whether any oxalates of Ba, 
Sr, Oa, and Mg (which are destroyed by evaporation with nitric acid and ignition, 
before proceeding to Group III), ^ere present in the original mixture, in which 
case the evaporation to dryness and ignition must be omitted. 

The precipitate produced in Group III by AmCl and AmHo alone contains 
the oxalates, as well as the phosphates of the alkaline earthy bases, and possibly 
also silica. The oxalates are decomposed by gently igniting the precipitate. The 
ignited mass is extracted with dilute hydrochloric acid. Silica, u present, is ren- 
dered insoluble and may be separated by filtration. To the acid solution, which 
may possibly contain phosphates of Mg, Oa, Sr and Ba, as well as* chlorides of 
the bases, present before ignition as oxalates, add AmOl and AmHo and filter off. 
The filtrate contains the chlorides of Ba, Sr, Oa, and Mg, and is tested separately 
according to Tables IV and V. All Bases so niscoyBEBD must have been 

FBBSENT OBiaiNALLY AS OXALATES. 

We may, then, sum up by stating that the separation of the 

METALS AND SALTS (PHOSPHATES) PRECIPITATED IN GrOUP IIIb is 

based upon : — 

1st. The insolubility of the phosphates of Fe^ Al, omd Cr in acetic 

acid, in the presence 'of an alkaline acetate, 
2nd. The separation of the whole of the phosphoric add which is in 

combination with the alkaline earthy bases, by.Tneans of Fe^Cle, 

m an acetic solution. 

All other operations are identical with those described in Tables 
IIIa, IV, and Y. 

. A tabular scheme for their examination* will be foand in the 
analytical tables, under Group IIIb. 

duces no yellowish-white precipitate with a portion of the ascetic acid solution^ 
and no ferric salt need then be added to the main portion of the filtrate. (The 
presence of iron, other than phosphate, is generally indicated by the reddish or 
ferric acetate colour of the filtrate.) In this case Al and Cr, as well as the 
metals of the alkaUne earths, will still have to be looked for in the filtrate. 

* The examination of Group Ills, containing phosphates, may be deferred 
until the student has become acquainted with the reactions for acids. 
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QUESTIONS AND PRACTICAL EXERCISES ON GROUP IIIb. 

Yon are requested to analyse : — 

1. A hydrochloric acid solution, containing common iodic phosphate, feme 

chloride, calcic and magnesic chlorides. 

2. A hydrochloric acid solution, containing common sodic phosphate, nickdous 

sulphate, cohaltous nitrate, zincic sulphate, and ferric chloride. 
8. A hydrochloric acid solution of calcic phosphate, chromic chloride, and 

fduminic phosphate. 
4l a mixture of hone-ash and much ferric oxide. 
6. A mixture containing little ferric oxide and much moffmetUe (or maffnena 

alba) and bone-agh. 

6. A hydrochloric acid solution of common alum and hydric disodic phosphate. 

7. How would you recognize alumina in the presence of aluminic phosphate ? 

8. GKren a reddish-coloured solution (owing to the presence of ferric salts), 

which giyes a copious precipitate on the addition of sodic acetate and 
acetic acid in the cold, learing the solution still coloured. What inference 
is to he drawn from this ohservation ? 

9. A solution contains chromic chloride, chromic phosphate, and dipotassic 

dichromate. State how you would distinguish tiiese three chromium 
compounds from each other. 

10. An acid solution (HCl) of a mixture, consisting of ferric chloride, haric 

chloride, and common sodic phosphate, retains its reddish colour, after 
precipitation with sodic acetate and acetic acid. What inference must be 
drawn from this, and what would you infer, if the filtrate were colourless, 
but gaye no further precipitate on the addition of FOsd^ ? 

11. You haye a solution giyen to you which giyes a precipitato with AmCl and 

AmHo. What inference must you draw, if me filtrate giyes no furthw 
precipitato on the addition of S Am^ ? 

12. You haye giyen to you a oonoentratod solution of ferric chloride. On »^«^wg 

a few drops <^ a solution of hydric disodic phosphato, a yellowish pre- 
cipitato appears. Explain what takes place, 1st. When a portion of the 
solution in which the precipitate is suspended is boiled. 2nd. When 
acetic acid is added, in the cold, to another portion. 3rd. When the pre- 
cipitato is filtered and treated with excess of the hydric disodic phosphate, 
in the presence of ammonia. 



Chapter V. 
HEAOTIONS OP THE METALS OF GROUP II. 

This group comprises the metals mercury, lead, bismuth, copper, 

CADMIUM, arsenic, ANTIMONY, TIN (GOLD and PLATINUM), which are 

precipitated from acid solutions (HCl) by means of snlphnretted 
hydrogen. 

Mix together solutions of KsOgBio'", IKgCi^, SOaCuo", OdClj, A83O3 
(dissolved in HOI), Xr204Fbo'^ SbCla, S]lCl2i and SnCli, and pass a current 
of SH2, without first filtering off the white precipitato which is produced. 
Filter ; pass the gas again through the clear filtrate, to make sure that the metals 
have been entirely precipitated. Wash the precipitate with hot water ; remove 
a portion from the filter ; boil with a Kttle yellow anunonic sulphide, and filter 
off. A black residue is left, consisting of Hg^S, PbS, Bia^, GuS, GdS. 
The solution conteins A82S3, Sb^Sa, SnS, and SnS2. This can be shown by 
acidulating with dilute hydrochloric acid, when a yellow precipitate comes down 
— because yellow ammonic sulphide converts SnS into SnSs— consisting of the 
sulphides of As, Sb, Sn. 



SULPHO-BASES. SULPHO-AOIDS. 
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This shows that we com dwide Qrowp II by meoms of cmimamc 
auVphide^ into two portions. 

The name sulphide, in its widest sense, is given to all componnda 
into which snlphnr enters as the electronegative element. A r^ 
markable analogy is observable between oxides and sulphides. 
There is a certain class of snlphides which resemble metallic oxides 
or bases ; another class which plays the part of oxy-acids. Snlphides 
are therefore divided into sulpho-bases and sulpho'dcida. To the 
latter belong the sulphides of H, As, Sn, Sb (Pt, Au) ; to the 
former the sulphides of many metals, especially such of the metals 
as constitute powerful bases (K, Na, Am, Ba, Ca> etc.). An electro- 
posifcive element, which forms with oxygen an oxide, combines 
generally also with the same number of sulphur atoms, to form a 
corresponding sulphide, in which the sulphur is almost invariably 
a dyad. 

The resemblance in the constitution of these oxygen and sulphur 
compounds is further borne out by the analogy in their solubility 
and alkaline reaction. Thus we have — 



Oxy-baaes. 
O^s Potassa, alkaline and soluble. 



OAnis Ammonia 
ONas Soda 

Baryta 

Lime 

f^errous oxide, no reaction, 

insoluble. 

Zincio 



8ulpho-h(ue», 

Potassic sulphide, alkaline and 

soluble. 



GaO 
FeO 



a 






ZnO 



i> 



» 



SAms Ammonic 
SNas Sodic 
BaS Baric 
GaS Calcic 
FeS Ferrous 

ZnS Zincic 



It 
» 
ft 
It 
1$ 

>» 



It 
It 
It 
It 



no reaction, 
insoluble. 



II 



0xif-anhjfdride8. 
A83O3 Arsenious anhydride. 



A83O2 Arsenic 
SbjOs Antimonious 
SbaOs Antimoyc 
SnOs Stannic 



)> 



11 



M 



it 



Sulpho'anJMfdrides. 

A82S3 Arsenious sulphide, or sul- 

pharaonious anhydride. 
a&Sb Arsenic sulphide, or sulphar- 

senic anhydride. 
SbjSs Antimonious sulphide, or sul- 

phantimonious anhydride. 
SbjSs Antimonic sulphide, or sul- 

phantimonic anhydride. 
SliSa Stannic sulphide, or sulpho- 

stannic anhydride. 

SuVpho-acids, 

AsHss Sulpharsenious acid. 
AsSHss Sulpharsenic acid. 
SbHss Sulphantimonious acid. 
SbSHss Sulphantimonic acid. 
SbS^Hs Sulphometantimonic acid. 
S]lHs4 Sulphostannic acid. 

SuIphO'Sdlts are obtained by the mutual action of a sulpho-acid 
and a sulpho-base upon each other. 

Sulphides soluble in water, comprising the sulphides of the 
alkalies and alkaline earthy metals, are divided iuto normal sulphides, 
such as SK2, SAma, SNas, BaS; into sulphhydrates (add sul- 



Owy-acids. 

AsHos Arsenious acid. 
AsOHos Arsenic acid. 
SbHoa Antimonious add. 
SbOHos Antimonic acid. 
SbOaHo Metantimonic acid. 
[04 Stannic acid. 
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phides), such as SKH, SAmH, BaHs2 ; B;nd polysulphideSj such as 
S2H2, 85X2, S6Am2. The aqneous solutions of the normal and acid 
snlphides are colourless, and give oft* SH2 when treated with dilute 
hydrochloric acid, without separation of sulphur. Solutions of the 
polysulphides are yellow, or yellowish brown, and when treated 
with hydrochloric acid, give off sulphuretted hydrogen, with separa- 
tion of white (or precipitated) sulphur. The number of sulpho-salts 
is smaU compared with the salts of oxy-acids, and they are far less 
stable than ordinary oxy- salts. This arises from the fact that sul- 
phur is comparatively indifferent to chlorine, phosphorus, nitrogen, 
carbon, silicon — non-metallic elements, which are endowed with a 
powerful chemical affinity for oxygen, with which they form iu the 
presence of water energetic oxy-acids — ^and that there are either 
no sulphides corresponding to the oxygen compounds of these 
elements, or sulphides of a very indifferent nature. The number of 
sulpho-acids is principally restricted to the acids enumerated above, 
and these again combine mostly only with the soluble sulphides 
possessed of an alkaline reaction ; or, if combined with the sulphides 
of the heavy metals, as in certain minerals, they are readily decom- 
posed by chemical agencies. 

The following is a list of some of the more important sulpho-salts 
compared with the corresponding oxy-salts : — 

OxyiSalU. Sulpho-salts, 

811^002 Disodic stannite. SmNasg Disulphosodic sulphostannite. 

SnONao2 Disodic stanuate. SnSNas^ Disulphosodic sulphostannate. 

03 Tiipotassic arscnite. AsKss Trisulphopotassic sulpharee- 



nite. 

AsONaoa Trisodic arseniate. AsSNass Tnsulphosodic sulpharseniate. 

SbOKo Fotassic metantimonite. SbSKs Sulphopotassic metasulphanti- 

monite. 
SbOjKo Fotassic metantimoniate. SbS2K8 Sulphopotassic metasulphanti- 

moniate. 

In these sulphur compounds the radical Nas, sodiumsulphyl, occu- 
pies the place of the compound radical Nao, sodoxyl. In like 
manner 

Kb Potassiumsulphyl occupies the place of Ko Potassoxyl. 
Ams Ammoniumsulphyl „ Amo Ammonoxyl. 

Bas" Bariumsulphyl „ Bao" Baroxyl. 

Cas" Calciumsulphyl „ Cao" Calciumoxyl, 

in the analogous salpho-salts. 

Instances of some interesting natural sulpho-salts, to be con- 
sidered more fully under silver and lead, are :— 

AsAgSs trisTilphargentic sidpharsenite (prousHte). 

SbAgSs trisulphargentic orthosulphantimonite (jpyrargyrite or dark red 
silver ore) . 

Sb2S"(Ou2FeS"3)"2 sulphocuproso ferrous pyrosulphantimomte {fahl ore). 

Sb2Fbs^'3 trisulphoplumbic orthosulphantimonite {boulangerite) . 

Sb2Fbs"2(Ou2S 2)'' disulphoplumbic sulphocuprous orthosulphantimonite 
ip<mmonUe),\ 
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Sb4S3PbB"Pb8"2 trisulphoplumbic metasulphantimonite* (jctmesonite) . 

Treat another portion of the above SHg precipitate with NaHo or KHo and 
filter off. A black residue is likewise left, and on adding dilute HCl to the 
filtrate, A82S3, SbgS^, SnS and SnSo are reprecipitated. 

This shows that the hydrates of the alkali metals dissolve a por- 
tion of the sulphides precipitated by SH2 in Group II, The following 
equations explain the action of the alkaHne hydrates : — 

SbaSa + 6E:Ho = SbKsa + SbKo3 + 3OH2. 

Antimonious Trisulphopotassic Tripotassic 

sulphide. sulphantimonite. tkntimonite. 

AS2S3 + 4KHo = AsHsKsj -h AsHoKoj + OH2. 

Arsenious Siilphhydric Hydric dipotassic 

sulphide. disulphopotassic arsenite. 

sulpharsenite. 

2SnS + 4KHo = SnKsj + SnKog + 2OH2. 

Stannous Disulphopotassic Dipotassic 

sulphide. sulphostannite. stannite. 

2SnS2 H- 4NaHo = SnSNas2 H- SnON'ao2 -f- OH2 + SH2. 

Stannic Disulphosodic Disodic 

sulphide. sulphostannate. stannate. 

Addition of hydrochloric acid reprecipitates the sulphides, thns : — 
SbKsa H- SbKoa + 6HC1 = ^hSz + 6KC1 + SOHj. 

Hence the metals which are precipitated by SH2 in Gi'oup II 
can be subdivided by means of SAm2 or NaHo into — 

A. Metals whose sulphides act as sulpho-hases, viz., the sulphides 
of Hg, Pb, Bi, Cu, and Cd. These are insoluble in ammonic 
sulphide (HgS dissolves to some extent in potassic or sodic 
sulphide ; CuS is somewhat soluble in ammonic sulphide). 

B. Metals whose sulphides act as sulpho-acids, viz., the sulphides 
of As, Sb, Sn (Au, Pt). 

Group II. Subdivision A. 

1. MERCURY. Hg".— Occurs native, but is chiefly obtained 
from dnnabar or mercuric sulphide, HgS. 

EXAMINATION IN THE DRY WAY. 

Add a little finely-divided lead or zinc to a few globules of mercurj on a 
watch-glass. The liquid metal mercury becomes thick and pasty by the com- 
bination with the solid metal lead or zinc. It enters into combination with 
the lead, in the cold, to form an amalgam. Other metals combine with mercury 
only when heated. 

The term amalgam is applied to the combinations into which 

• This compound may also be viewed as Sb2S2Pbs" (sulphoplumbic met^ul- 
phantimonite) and Sb2SPb8"2 (sulphoplumbic pyrosulphantimonite). 
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mercurv enters with other metals. Combinations between metals, 
other than mercury, are called alloys. This property of mercury 
has received an important application in the extraction of gold 
and silver from poor ores by the so-called amalgamation process. 
Mercury can be separated again by distillation, gold and silver being 
lefb behind. 

The combination of the metal mercury with other metals is 
obviously due to its liquid condition at the ordinary temperature, 
which facilitates its being brought into intimate contact with other 
metals. This contact action is materially increased, if the solid 
metals are offered to the mercury in a finely-divided condition, or in 
the form of foil — an amalgam of 4 parts of tin and 1 part of mercury 
is employed for covering looking-glasses — and by rubbing the two 
metals together in a mortar. 

Heat some cinnabar in a small flask with narrow .neck, loosely closed with a 
piece of charcoal. Sg^S suhlimes without undergoing any chemical change. 

Heat a little cinnabar in a piece of glass tuhe open at hoth ends, and allow a 
current of air to pass over it. Hg is seen to condense in the form of a metallio 
mirror towards the further end of the tuhe, and SO] makes itself perceptible by 
its odour. 

Heat about two parts of yellow mercuric oxide and one part of mercuric sul- 
phide in a test tube. Metfdlic mercury sublimes and sulphurous anhydride is 
given off, according to the equation : — 

iKgs + 2:ago -^ Hgs + SO2. 

Introduce some cinnabar into a small tubulated retort connected with a two- 
necked receiver and gas dehvery-tube, and pass through the tubulus of the retort 
a current of air or oxygen from a gas-holder, and heat gently. A blue flame 
playing over the SgpS indicates that combustion takes place. Mercury distils 
and condenses partly in the neck of the retort and partly in the receiver. Sul- 
phurous anhydride issues from the dehvery-tube and is readily recognized by its 
Sungent odour ; or it may be passed into water, and the solution tested with 
tmus-paper. 

This illustrates the mode of extraction of mercury from its 
principal ore. Cinnabar is roasted in a reverberatory furnace, and 
proper provision is made for the condensation of the vapour of 
mercxiry in chambers and flues. The sulphurous anhydride is 
allowed to escape. 

HgS (as well as SAg2, AU2S3, PtSg) parts with its sulphur 
when roasted in the air, and yields the metal : it is in fa/^t red/uced to 
the metallic state by oxygen, owing to the weak affinity which exists 
between the metal mercury and the non-metal sulphur, and owing 
likewise to its weak affinity for oxygen, on account of which the 
HgO (and OAg2) first formed gives up its oxygen again to a fresh 
quantity of HgS (or SAga). 

Hydrogen and carbon, copper, tin, zinc, etc., reduce HgS at a 
high temperature, forming with the sulphur SH2 , CS2 (carbonic 
disxdphide), CuS, etc. The native HgS is, however, best reduced 
by the action of strong bases, such as lime or soda. 

Mix a little cinnabar with dry GONao2, and heat in a Httle tube, sealed up 
at one end, or blown into a small bulb. MetaUic mercury sublimes and forms a 
mirror in the cold part of the tube ; the sulphur is fixed by the alkali metal. 
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EBACTIONS IN THE WET WAT. 

Mercnry forms two series of salts : mercnrous and mercnrie salts. 

It dissolves readily in nitric acid, even in the cold ; forming mer- 
cnrons nitrate, if the mercnry be in excess, and mercnrie nitrate, if 
the acid be in excess. These salts have the composition — 

j^Q^Hgao" and NoF^o"- 

MercurouB Mercuric 

nitrate. nitrate. 

Mercurons salts contain HgaO : mercnrie salts, HgO. 

MercurouB oxide. Mercuric oxide. 

The oxygen atom being in the one case linked to two atoms of 
the dyad mercnry, thns, < Htf/^» *^® mercnry atoms being held 

together by one of their bonds as well as by the bonds of the oxygen 
atom ; in the other to one atom, thns : — Hg=0. 

Mercurons oxide exhibits a tendency to combine with another 
atom of oxygen, or when exposed to heat, to part with one atom of 
mercnry and to become converted into mercuric oxide. Hence we 
possess in mercurons salts powerful reducing agents. 

On account of the hisoVMe chloride which Hg'2 forms, we shall 
consider its reactions in connection with the reactions for silver and 
lead in Group I. 

In order to study the reactions of mercuric salts, we can either 

NO 
employ A solution of mercuric nitrate, jTQ*Hgo", or mercuric 

CHLORIDE, HgCl2 {corrosive sublimate). 

SH2 (sroup-reasenl;) added to HgClj gives a hlach precipitate 
of mercuric sulpblde, HgS. The precipitation is marked by charac- 
teristic changes of colour. Accordingly as sulphuretted hydrogen 
water is added in small quantities, or the gas passed slowly through 
the solution, it produces at first a perfectly white precipitate, and on 
the addition of more SH2, a yellow precipitate which passes through 
dirty yellow to brown, and becomes black only when excess of SH2 
has been added to the mercuric salt. The white, yellow, or brown 
precipitate consists of varying quantities of HgS and HgC^. 

fHgCl 
It may be represented by the formulae S" (dimercuric sulpbiNli- 

LHgCl 
clilorlde). HgS is insoluble in nitric or hydrochloric acid and in 
yellow ammonic sulphide, potassic hydrate, or potassic cyanide ; 
soluble, however, in aqua regia and in potassic or sodic sulphide, in 
the presence of sodic hydrate, but insoluble in their sulphhydrates. 
Long digestion with concentrated nitric acid converts the black 
HgS into a white body consisting of 2HgS + N204Hgo". 

SAm2 gives the same precipitate. 

NaHo or KHo added in excess produces a yellow precipitate of 
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•zMe, HgO, insolable in excess, unless the mercnric soln- 
tian contains mnch free acid« 

AmHo produces a tchiie precipitate of MfrcaiU; wmit and HMrcm- 
nuBMc, known as the '^ tchite precipit^ite.^* 

N "oH^Hg" + HgCl, = 2(NH,Hg''Cl). 

Mereorunmonic 
chloride. 

CONaos or OOKos gives a reddish brown basic precipitate. 

KI gives a bright red precipitate of Mgrciirtc i««Me, Hgl,, 
soluble either in excess of potassic iodide or of the mercuric salt. 
H^2 as well as HgCla and HgBra sablime nnchanged. 

KCy gives with mercuric nitrate (not the chloride) a v;hite pre- 
cipitate of mercnrle rjaaMc, HgC j2, soluble in excess ; not decom- 
posed by boiling with alkalies or alkaline carbonates, but only by 
SH,. 

Mercuric salts are readily reduced to mercurous salts : — 

SnCls (staBH«iu chloride) gives with mercuric salts a white pre- 
cipitate of mercaroiiJi chloride, Hg^CU, which when boiled with 
excess of the reagent, is reduced to grey metallic mercury. On pour- 
ing off the solution and boiling the grey precipitate with HCl, the 
mercury is obtained in little globules. 

SOrFeo" (femiis sulphate) reduces JjQ'Hgo", but not HgCQ,, 

to the metallic state. 

Cu, Zn, Fe precipitate metallic mercury from, mercuric solutions, 
provided they are not too acid. 

Mercuric salts act the part of oxidizing agents : they are first re- 
duced to mercurous salts, and finally to metallic mercury. 

QUESTIONS AND EXERCISES. 

1. What is understood by the terms sulpho-hasej tulpho-aeid, fulpho-talt f 

2. Define normal sulphides, sulphhydrates, and poljsulphides, and state how 

they can be distinguished by treatment with HCl. 

3. GiTe instances of sulpho-salts together with the corresponding oxy-salts. 

4. Write out the graphic formula of a few sulpho-salts and of the minerals 

boulangerite, jamesonite, fahl ore. 

5. Which metals form sulphides capable of acting as sulpho-acids, and which 

form sulphides capable of playing the part of bases ? 

6. Write out the formcds, both ^mbolic and graphic, for the persulphides of 

the metab E, Na, Ba, Ca, Fe. 

7. What changes take place when the sulphides of As, Sb, and Sn are boiled, 

1st, with SAms, 2nd, with NaHo ? Express the changes by equations. 

8. Giye the graphic formulsB of cinnabar, dimercuric sulpho-dichloride, of vo^ie 

precypiiaie and of mercuric nitrate. 

9. Write out the symbolic equations for the reactions which mercuric nitrate 

giyes with the group and special reagents. 

10. Calciilate the percentage composition of vohite precipitate. 

11. How much metallic copper will have to be dissolved, in order to precipitate 

2 grms. of Hg from a solution of mercuric chloride ? 

12. Explain why the dyad condition appertains to one atom of mercury and to 

the double atom. Give proofs of the atomicity of mercury in mercurous 
and mercuric compounds. 
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13. How is corrosive sublimate manufactured, and whence does it derive its 

name ? 

14. 1*5 grm. of SgpOl2 is precipitated as Sg^S and collected on a weighed 

filter. How much hy weight of Sg^S should there be obtained ? 

15. Cinnahar is sometimes found adulterated with red lead, red oxide of iron, 

brick-dust. State how you would discover the adulteration. (No sepa- 
ration of the impurities irom each other is required.) 

16. What reaction takes place when mercury is acted upon by concentrated sul- 

phuric acid ? and by what consecutive stages is the product of this reac- 
tion converted into white precipitate ? 

17. How much metallic mercury will 100 lbs. of cinnaJbar yield when distilled 

with lime ? 

18. What is the percentage composition of an amalgam containing Sn^Hg ? 

2. LEAD; Pb" and *^.— Only a slight precipitate of PbS is for 
the most part obtained in Group II, since the greater part of the 
lead is removed in Group I as PbClg. It happens frequently that 
this small quantity of lead is not precipitated by SH2, on account 
of the solution being too acid (HCl) or too concentrated, in which 
case a little lead is found in Group III, and is often mistaken for 
some other metal. It is necessary, therefore, to dilute a portion of 
the filtrate from Group II considerably and to pass a current of 
SH2 through, in order to make sure of the presence of lead, espe- 
cially so, when lead has been discovered in Group I ; and, if a pre- 
cipitate be obtained, to pass the gas once more through the whole 
of the filtrate, after having diluted it considerably with distilled 
water. 



3. BISMUTH, Bi'" and ^— This metal is principally found 
native ; also in combination with oxygen and sulphur, as hismuth 
ochre, Bi203, from the decomposition of hismuth glance, 31283, and 
in the form of sulpho-salts, as kobellite, Bi2Pbs"3 (trisulphoplumbic 
orthosulpho-bismuthite), and as needle ore, BiaPbs' 2('Cu'2S2)", 
disulphoplumbico-cuprous orthosulpho-bismuthite. 

EXAMINATION IN THE DRY WAT. 

The metal bismuth fuses with ease, both in the reducing and 
oxidizing flame of the blowpipe, covering the charcoal with an 
incrustation of oxide, oranire yellow, while hot, lemon yellow, when 
cold, passing at the edges into a bluish white. The incrustation can 
be driven from place to place by either flame, witlwut colouring the 
outer flame. (Distinction from Lead.) Heated with borax or 
microcosmic salt, Bi203 gives beads which are yellowish, when hot, 
and colourless, when cold. All bismuth compounds can be reduced 
to the metallic state by heating on charcoal with CONao2, in the 
inner or reducing flame. The metallic bead is brittle. (Distinction 
FROM Lead and Silver beads.) The incrustation is yellow. 

EXAMINATION IN THE WET WAY. 

Bismuth dissolves readily in nitric acid, forming NaOeBio'". A 

SOLUTION OF THIS SALT IS CONVENIENTLY EMPLOYED. 
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SHa (sroup-reasent) gives a hrovmish black precipitate of 
tolsurathoas sulphide, Bi2Ss, inBoluble in dilnte acids, in alkalies and 
in alkaline sulphides ; soluble in concentrated nitric acid. 

Alkaline snlpbides give the same precipitate. 

KHo, NaHo, and AmHo produce a white precipitate of bis- 
mutboas bydrate, BiHos, insoluble in excess ; on boiling it turns 
yellow, i.e., it becomes anhydrous (BijOa). 

COAmo2 or C0Nao2 throws down a white bulky precipitate of 
basie carbonate (biemuthylic carbonate), CO(Bi03)'3, graphic 
formula : — 

0=Bi-0-C-0-Bi=0 



I 



{ 



in which the compound radical bismntbyl, BiO, acts the part of H 
in !Po. The precipitate is insoluble in excess. 

CraOsKoa gives a yellow precipitate of basie cbromate 

CVOaCBiOg)' 

O readily soluble in dilute nitric acid, insoluble in 

CrOaCBiOa)' 
potassic hydrate. (Distinction peom Plumbic Chromatb.) 
SO2H02 gives no precipitate. (Distinction from Lead.) 

KI produces a hrovn precipitate of bismutbons iodide, Bils, solnble in 
excess. 

KOy produces a white precipitate, insoluble in excess, soluble in acids. 

Bismuthous salts are partially decomposed by water, a basic salt 
being precipitated. The addition of an acid redissolves the preci- 
pitate. This constitutes the most characteristic reaction for bis- 
muthous salts. The salt most readily precipitated is the chloride 
(BiCls). It can be prepared from the nitrate by precipitating the 
oxide first, and then filtering and dissolving the precipitate off the 
filter with dilute hydrochloric acid. Excess of acid should be 
avoided. 

OH2 gives with BiCls a white precipitate of bismutbons oxyeblo- 
ride, BiOOl, which is almost absolutely insoluble in water, but 
soluble in hydrochloric acid, from which it is reprecipitated on the 
addition of ammonic or sodic chloride. BiO CI is insoluble in 
tartaric acid. (Distinction from Antimony.) 

Metallic zinc precipitates bismuth from its salts. 

Bismuthous salts exhibit a tendency to form basic salts, showing 
that Bi203 is a very indifferent and weak base. 

There are several other oxides known, e.g., bismntble oxide or 
anbydride, Bi^Os, which parts readily with two atoms of oxygen, 
when acted upon by heat or reducing agents. 

QUESTIONS AND EXEECISES. 

1. How can Bi be separated from Ag, Pb, or Hg P 

2. Express m symbolic eqxiations the reactions which a bismuthous salt gives 

with difierent reagents in the wet way. 
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S. Gire Hie gimphie f onnuki tor biamuilioiu nitrmie, btsmiiftlMrai oxide, 
glamee, biflniithoiiB oxTcfalonde. 

4. Cblrnlife the peroe n tege compositioD of an tSioj of 

1 atom of Pb, 
1 atom of Sn, and 
3 atoms of BL 

5. 1*245 grm. of BIjOs are obtained from 10 c^ of a eolation of normal bia- 

mothoas nitzate. How much metallic bismuth does a litre of the bismuth 
solution contain ? 



4. COFFEBi Cn". — This metal is fonnd native ; also in combi- 
nation with OXTGEK and sulphur, as red copper ere or ruby ore, Cll,0, 
as vitreous copper or copper glance, Cl]«S, and indigo copper or blue 

copper, CaS ; more frequently as copper pyrites < *, ^ (CutSs)", 

(diferric caprons tetrasnlphide), and variegated copper or hors^lesh 

fPe 

ore, < jiQ(Cn,S»)"i, (diferric tricnprons hexasnlphide) ; alsoas/a^<7 

ore, boumordte, etc. ; in combination with carbonic acid, as basic 
carbonate, malachite, CO(OCnHo)'s, and azurite, mountain blue, or 

copper azure, qjt p »rCno" ; with sulphuric acid, as blue vitriol, 

S02Cao",5OHt ; with phosphoric acid, as pTwsphorocalcite, Ubethe-' 
nite ; with arsekious acid, as tervnantite ; silicic acid, as dioptase, and 
others. 

examination in the dry WAT. 

Copper minerals form a very numerous class of ores ; and as 
many of them exhibit precisely similar blowpipe reactions, a know- 
ledge of their physical diu-acter is indispensable to enable the 
student to distinguish readily between them. It is advisable to 
examine the doubtful ores in the wet way also. 

The most characteristic reaction in the dry way is that which 
copper compounds give, when heated in a bead of borax or micro- 
cosmic salt before the blowpipe flame. The bead is sreen whilst 
hot, Mae on cooUng, Most copper compounds, when heated on 
platinum wire in the inner flame, impart an Intense vreen colour to 
the outer flame. All copper compounds are reduced when heated 
in the inner flame on charcoal, together with CONaoj and KOy, 
yielding red metallic scales. Sulphides give off SO2, when roasted 
in an open tube, and leave CuO behind. Malachite or azurite gives 
off water and carbonic anhydride when gently heated in a tube. 
Blue vitriol loses water, sulphurous anhydride and oxygen, and 
leaves cupric oxide. Cupric phosphate, arseniate, and silicate faae 
to coloured glasses. 

Metallic copper is not affected in dry air at the ordinaiy temperature, but 
is readily oxidized when heated in air or oxjgen and oonyerted into black 
cupric oxide. Hydrochloric acid dissolyes copper but slightly, forming GUsOls 1 
nitric acid is the most actiye solyent for copper (as it is for Ag, Hg, Fb and Bi), 
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forming cupric nitrate. Sulphuric acid (concentrated) dissolyes copper, on 
heating, with evolution of SO3, and formation of SO2OU0''. 

SO2H02 acts here the part of an oxidizing agent. This method of preparing 
sulphurous anhydride gas is frequently employed in the laboratory in preference 
to other methods. 

EXAMINATION IN THE WET WAY. 

A SOLUTION OF CUPRfC SULPHATE, SO2CU0", OE CUPRIC NITRA.TE, 

NO 

m-Q^'CnG", may conveniently be employed. 

SH2 (sroup-reayent) gives a hrownish-hlack precipitate of cupric 
sulpblile, CuS, insoluble in dilute acids ; slightly soluble in yellow 
ammonic sulphide ; soluble with decomposition in nitric acid ; com- 
pletely soluble in potassic cyanide ; insoluble in potassic and sodic 
sulphides, or caustic alkalies. CuS is rapidly oxidized to SO2CU0" 
by exposure to the air ; it is insoluble in hot dilute sulphuric acid. 

SAm2 produces the same precipitate, somewhat soluble in excess, 
especially in yellow ammonic sulphide (S6Am2). 

NaHo or KHo gives a light blue precipitate of capric bydratc, 
CuHo2. The precipitate turns black on boiling and becomes denser. 
Three molecules of CUH02 lose two molecules of OH2 and leave 
3CuO,OH2(graphicformulaH— 0— Cu— 0— Cu— 0— Cu— O— H). 
In the presence of many organic substances, such as grape sugar, 
etc., the precipitate dissolves to a dee]) blue solution, whence the 
whole of the copper is reprecipitated on boiling, in the form of 
bright red cuprous oxide, CtizO. 

CONao2 produces a greenish blue basic carbonate, of the com- 
position CO(OCu"Ho)'2, graphic formula 0=C<^q~p^~^~tt> 

carbonic anhydride being evolved. This precipitate is converted on 
boiling into the black precipitate of 3CuO,OH2. It is soluble in 
ammonic hydrate to an azure blue and in potassic cyanide to a 
colourless fluid forming a soluble double cyanide. 

Am Ho or COAmo2, when added in small quantities, produces a 
greenish blue precipitate of a basic salt, which dissolves readily in 
excess of the reagents, and forms a magnificent azure blue liquid, — a 
blue which is perceptible, if a solution contains small traces of copper- 
only. The blue solution contains a double compound of cuprammoiiic 
bydratc, N^2H6Cu"Hos, and amnionic sulpbate, or ammonio -cupric 

sulphate, symbolic formula, SHo2Amo2 'N'r ^^^2 "> whence the 

black cupric oxide separates on boiling with sodic hydrate. 

This tendency of ammonia to combine with cupric hydrate and 
to form cuprammonic hydrate induces metallic copper to combine 
with oxygen even at the ordvnary temperature. 

KCy gives a greenish yellow precipitate of cupric cyanide, CuCy2, 
soluble in excess. SH2 produces no precipitate from this solution. 

KiFeCye gives a reddish brown precipitate of cupric ferrocyanide, 
Cu2FeCy6, insoluble in dilute acids, decomposed by potassic or sodic 
hydrate, with separation of 3CuO,OH2. Even in very dilute solu- 
tions of copper salts a brownish colour is produced, — ^best seen when 



PRECIPITATION OF COPPER BY VOLTAIC ACTION. 65 

the reaction is performed on a watch glass, placed on a sheet of 
white paper or in a little porcelain dish. Hence KiFeOyj supplies 
one of the most delicate reactions for copper salts. 

Metallic zinc or iron precipitates metallic copper, especially in 
the presence of a little free hydrochloric acid. If a few drops of a 
slightly acidulated dilute copper solution are placed on platinum foil 
(the lid of a platinum crucible), together with a small piece of sheet 
zinc, the platinum becomes rapidly coated with a reddish film of 
metallic copper, visible even in the case of very dilute solutions, an 
equivalent quantity of the metal zinc being dissolved. 

This simple experiment requires some explanation. Bright copper is not 
attacked by dilute hydrochloric or sulphuric acid. Metals such as Fb, Hg, Ag, 
Au, Ft are also indinerent to dilute hydrochloric or sulphuric acid, whilst zinc 
and iron are readily dissolyed with evolution of hydrogen, the metals taking the 
place of the hydrogen in two molecides of hydrochloric acid. 

By the aid of Toltaic electricity, however, we are enabled to dissolve metals 
in dilute hydrochloric or sulphuric acid, which are either not dissolved at all, 
such as copper, or dissolve only with difficulty, such as the metal tin. This is 
done by connecting the positive pole of a voltaic battery with a piece of the 
metal to be dissolved, and the negative pole with a platinum wire ending in a 
piece of platinum foil. Both electrodes dip into the dilute hydrothloric or 
sulphuric acid solutions. 

Connect the positive pole, a, with a piece of sheet copper or a coU of copper 
wire, placed in dilute sulphuric acid, contained in a glass basin, as seen in Fig. 7. 
The negative pole, 6, consisting of a platinum 
wire fused to a strip of platinum foil, dips like- 
wise into the dilute acid, without touching, 
however, the copper. The solution turns blue, 
owing to the formation of a blue cupric salt, 

and the sheet of metallic copper or the copper 

wire dissolves after some time. Hydrogen is ^^ ^ 

evolved at the negative pole. 

This shows that the action of dilute acids upon copper which is nil at the 
ordinary temperature is very energetic when we call voltaic electricity to our 
aid. 

The reaction will be readily understood, if it be remembered what takes place 
when water is decomposed by voltaic electricity. Hydrogen is obtained at the 
negative and oxygen at the positive electrode, because the latter consists likewise 
of platinum, a metal which has no affinity for oxygen. Hence both constituents 
of water, hydrogen and oxygen, are evolved at the respective poles. Now, it 
instead of water, hydrochloric acid be decomposed in like manner, chlorine is 
evolved at the positive electrode. If the positive electrode consist, however, of 
a metal, such as Zn, Cu, Fe, for which chlorine possesses a strong affinity, the 
latter combines with these metals, the moment it is liberated on the positive 
electrode, or as it is termed in its nascent state (m statu nascendi), and hydrogen 
alone is evolved at the negative pole. 

If in the place of hyd&ochloric or sulphuric acid, we employ a dilute solution 
of a metallic chloride or sulphate, ex. gr. cupric sulphate, oOjjvLof^ and dip the 
two electrodes into it, we observe at the negative (or platinum) electrode instan- 
taneously a red film or deposit of metallic copper, whilst at the positive (or zinc) 
electrode, no evolution of gas is visible, since the metallic zinc is acted upon by 
the acid liberated firom the copper, and is converted thereby into SOjZno . 
An equivalent quantity (65 parts by weight) of zinc remains dissolved in the 
acid for the 63*5 parts by weight of copper, precipitated on the platinum foil or 
crucible-lid. In this manner the amount of copper present in a solution may be 
determined quantitatively. The undissolved zinc and zincic salt are removed and 
the platinum with its deposit of copper dried and weighed. The total weight, 

F 




66 CUPROUS OXIDE. 

minus the preyioos weight of the platinum, gives the weight of the metallic 
copper. 

It will be readily perceived that this and other similar experi- 
ments ftimish valuable illustrations of the atomic theory, and they 
acquire on this account additional interest. 

Great interest attaches, moreover, to these chemical changes, on 
account of the important practical application which they have 
found, of late, in covering metals — mostly the common metals — 
with a thin coating of noble metals (electroplatiug, silvering, 
platinizing), or in producing solid metallic deposits on properly 
prepared matrices, generally consisting of some plastic material, 
such as plaster of Paris, gutta-percha, etc. (electrotype process). 

Pass a voltaic current through a solution of cupric chloride, CuCls, by means 
of copper electrodes. No chlorine gas is evolved at the positive pole, for it is 
immediately again fixed by its dissolving an equivalent quantity of copper off the 
positive copper electrode. The movement of the molecules of chlorine and copper 
m the solution of cupric chloride cannot be perceived ; it is nevertheless proved by 
the decrease in weight of the positive copper electrode and the increase in weight 
of the negative copper electrode, and we infer from this that the copper is trans- 
ferred from the positive to the negative pole, although we cannot see the change. 
The deposition of metallic copper continues, as long as the positive electrode 
lasts ; and the saline solution in the decomposing vessel retains its original 
strength thus far unaltered. 

If a properly prepared mould or matrix of some object be hung in the metallic 
solution and connected with the negative pole of a voltaic battery, copper will 
be slowly but steadily deposited on the mould, as long as the positive pole is con- 
nected vMl a sheet of copper, acting as the positive electrode in the bath. The 
copper thus precipitated is immediately restored to the bath by the dissolution 
of a fresh quantity of copper. This mode of depositing copper on moulds or 
matrices by the aid of voltaic electricity is termed the electrotype process. 

Employ a solution of argentic nitrate instead of the solution of cupric chloride, 
and introduce the two copper electrodes into the bath. The n^ative electrode 
is speedily covered with silver, and an equivalent quantity of copper, i.e., 63'5 
parts by weight, is dissolved from the positive copper electrode, and 216 parts 
by weight of silver (2 x 108, silver being a monad element) are deposited on the 
negative copper electrode ; and it results from this, that in the place of the silver 
solution, there must ultimately be left a solution of cupric nitrate. This has 
foimd a practical application in the silvering (electro-plating) of artistic articles 
made of an inferior metal. 

Copper, like mercury, forms a lower oxide, CUaO, in which two 
atoms of Cu are joined by one of their bonds, and are also linked to 
one atom of oxygen ; it is analogous in constitution to the important 
copper ore, CU2S, thus : — 

r 'Hg' r 'Cu' r 'Cu' 

\ 'Hg'^ { 'Cu'^ { 'Cu'^ 

Mercurous oxide. Cuprous oxide Cuprous sulphide 

(red copper ore) . {copper glance) , 

Cuprous oxide is a feeble base; it forms with concentrated 
hydrochloric acid cuprous chloride, CU2CI2, which is colourless 
when pure. Other acids decompose it into metallic copper and 
cupric oxide, which latter remains dissolved in the acid as a cupric 
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salt. Cuprous chloride attracts oxygen very rapidly, and is, there- 
fore, a powerful reducing agent. It is used for absorbing carbonic 
oxide. 

To A SOLUTION OP CUPROUS CHLOBiDE, Ct13C12, in Concentrated 
hydrochloric acid, add — 

OH2, a white precipitate of CasC]2 is produced. 

KHo gives a yellow precipitate of cnprotts bydrate, CU2Ho2, in- 
soluble in excess ; it attracts oxygen very rapidly, being converted 
into cupric hydrate. 

KI, in the presence of SOH02, or S02Feo", precipitates from 
cupric salts greenish white cuprous iodide, CU2I2, soluble in excess. 
Both sulphurous acid and ferrous sulphate are reducing agents, 
which, by the absorption of oxygen fiim the cupric salt, are con- 
verted into SO2H02 and Ss06Fe20^, thus : — 

(1) 2SO2CU0" + 2S02Feo" = SO2CU20" + SsOeFeaO^. 

Cupric Cuprous 

sulphate. sulphate. 

(2) SCCuso" + 2KI = CU2I2 + SO2K02. 

Cuprous 
iodide. 



QUESTIONS AND EXERCISES. 

1. How does copper occur in nature ? 

2. Express in symbolic equations the reactions of copper in the wet way. 

3. Write out the graphic formulae for malachite, copper glattce, azurite, and blue 

vitrioly ammonio-cupric sulphate, cuprous iodide. 

4. Explain what 'takes place — 

1st. When copper is treated with concentrated MO2H0. 
2nd. „ „ „ SO2H03. 

3rd. „ „ „ HCl. 

G-ive equations. 

6. Give instances of the oxidizing action of cupric salts. 

6. What action takes place when the polished blade of a knife is plunged into a 

solution of a cupric salt? 

7. How much metallic zinc is required to precipitate 1*6 grm. of copper from a 

cupric solution ? 

8. A sample of iron pyrites which has been used for manufacturingsulphuric 

acid is found on analysis to contain 456 per cent, of copper. How much 
metallic iron is required to precipitate th6 copper from a hydrochloric 
acid solution of a ton of the spent pyrites ? 

9. Explain the electrotype process. 

10. What is undei-stood by nascent hydrogen ? 

11. What is the percentage of metallic copper in malachite ? 

12. How is Cu separated n*om Ag and Fb ? 

13. How can copper in CuS be separated from bismuth in BI2S3 ? 

14. What change takes place when metallic copper is heated in air? 

16. How much hydrogen gas (at 0** and 760 mm. pressure) is required to deprive 
10 grms. of ignited cupric oxide of its oxygen, and how much water will 
be obtained ? 

F 2 
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5. CADMIUM, Od". — This metal is found in nature, associated 
witli zinc, in certain zinc ores, e,g,, zinc blende^ ZnS. It is of com- 
paratively rare occurrence ; only one mineral of cadmium being 
known at present, viz., the extremely rare greenochite, CdS. It can 
be distilled like mercury or zinc. Being more volatile than metallic 
zinc, its vapour distils over first, and bums with a brown flame 
(brown blaze), i.e., it is converted into cadmic oxide. 

Cadmium dissolves readily in acids with evolution of hydrogen. 
It also resembles the metal zinc in being dissolved by boiling 
potassic hydrate, hydrogen being given off — 

Cd + 2KHo = CdKog -f Hj. 

EXAMINATION IN THE DRY WAY. 

Cadmium compounds, when heated on charcoal in the inner 
flame, mixed with sodic carbonate, give a characteristic brown in- 
crustation, i.e., they a.re readily reduced to the metallic state ; the 
metal being highly volatile, is reoxidized on its passage through the 
outer flame. Cadmium is recognized with more diflSculty, when it 
is in combination with zinc, as for instance in cadmiferous blende. 
By heating, however, a mixture of blende and sodic carbonate and 
potassic cyanide, for a few moments only, on charcoal, a slight 
brovm incrustation is generally obtainable, before the zmc is volati- 
lized. Cadmic oxide turns the bead of borax or microcosmic salt 
yellowish, whilst hot, colourless when cold. 

REACTIONS IN THE WET WAY. 

We employ A solution of cadmic chloride, CdCU, or sulphate, 
SOjCdo". 

SH2 (ffroup reagent) gives from dilute solutions a fine yellow 
precipitate of cadmlo sulpblde, CdS, insoluble in alkaline sulphides, 
caustic alkalies, or potassic cyanide ; insoluble in cold, but soluble 
in hot dilute nitric and hydrochloric acids ; soluble also in dilute 
sulphuric acid. (Distinction from Copper.) 

SAmj, same precipitate. 

KHo, a white precipitate of cacUnic byarate, CdHos, insoluble in 
excess. 

AmHo, same precipitate, soluble in excess. 

C0Am02 (free from AmHo), a white precipitate of cadmic car. 
bonatc, COCdo", insoluble in excess. 

CONaoj, same precipitate. 

KCy gives a white precipitate of cadmic cyanide, CdCy2, soluble 
in excess. Sulphuretted hydrogen precipitates from this solution 
OdS. (Distinction from Copper.) 

Metallic zinc precipitates cadmium from its solutions. 

QUESTIONS Al^D EXERCISES. 

1. Describe three methods of separation of Cd from Cu. « 

2. How is Cd separated from Zn ? 

3. How is Cd separated from Pb, Ag and Bi ? 
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4). How mTicb. cadmic sulphide can be prepared from 10 grms. of crystallised 
cadmic sulphate^ SOsCdo'^ 4OH2 P 

5. What takes place when greenocJcite is roasted in a glass tube open at both 

ends? 

6. How is the metal cadmium converted 1st into oxide, 2nd into chloride, 8rd 

into sulphate ? 

7. How can we extract cadmium from its oxide or sulphide P 

8. You are requested to convert 10 grms. of cadmic sulfate into cadmic bro- 

mide ; how would you proceed, and how much CdBra should there be 
obtained ? 

Separation op the metals op Subdivision A, Group II, viz., 

MERCURY, LEAD, BISMUTH, COPPER, CADMIUM, WHOSE SULPHIDES ARE 
INSOLUBLE IN AMMONIC SULPHIDE OR SODIO HYDRATE. 

The precipitate produced by the group-reagent SH2, which is 
insoluble in amnionic sulphide or sodic hydrate, may consist of all 
the five sulphides, or only of one, two, etc. A precipitate of a bright 
yellow colour, e.^r., would be indicative of cadmic sulphide only. If 
the precipitate be black, it is necessary to examine for all the five 
metals. 

We have already seen that the sulphides of the metals of this 
subdivision are — 

1st. Insoluble in alkalies and alkaline sulphides, and 

2nd. Insoluble in dilute acids, or nearly so ; but soluble in con- 
centrated acids. 

Concentrated nitric acid dissolves four out of the five sulphides, 
viz., PbS, 31283, CuS, and CdS, with separation of sulphur ; mer- 
curic sulphide being soluble only in aqua regia. Hence by boiling 
with concentrated nitric acid (in the absence of HCl), we can sepa* 
rate mercury from the other metals of subdivision A. Concentrated 
nitric acid converts PbS partially into S02Pbo", by the simultaneous 
oxidation of the sulphur. We should, therefore, obtain in the 
residue HgS, as well as S02Pbo" and sulphur. But as the whole 
of the PbS can be converted into S02Pbo" only by boiling with 
fuming nitric acid, and as S02Pbo" is slightly soluble in concen- 
trated nitric acid, we should not succeed in removing the lead 
entirely as sulphate. This difficulty is overcome by boiling the 
whole of the sulphides with moderately concentrated nitric acid, 
then diluting with water and adding dilute sulphuric acid (S02Pbo" 
being less soluble in dilute sulphuric acid than in water), and lastly, 
when cold, adding to the solution its own bulk of alcohol (methy- 
lated spirit). A residue is left which may be white, indicative of the 
presence of S02Pbo", or black, from the presence of HgS and sul- 
phur. The solaticm contains the metals Bi, Cu, Cd. 

Examination of the Residue. — S02Pbo" dissolves readily in 
certain salts, such as ammonic acetate or tartrate. By treating 
the residue, therefore, with a concentrated solution of ammonic 
acetate, we are able to dissolve out the S02Pbo". The absence of 
mercury compounds may be inferred, if no black but only a yellow 
residue of sulphur, is left, and if no mercury has been indicated by 
the reactions in the dry way. The presence of both lead and 
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meroury should, however, invariably be confirmed by special 
tests; viz., the lead by means of Cr02Ko2, and the mercnry, 
by heating the dry residue in a bulb tube with dry sodic car- 
bonate. 

Examination op the Solution. — We have seen that AmHo 
precipitates BiHoa, which is insoluble in excess, whilst CUH02 and 
OdHoa are likewise precipitated, but are soluble in excess. If a 
white precipitate be obtained on adding AmHo, we infer that bis- 
muth is present. (Should the lead not have been removed entirely, 
some PbHo2 would be likewise precipitated). The precipitate is 
filtered off and well washed, then redissolved in 'a little hydro- 
chloric acid, and precipitated by the addition of water. The ammo- 
niacal filtrate is of a fine azure blue colour, when copper is present. 
If colourless, and if, by the addition of SH2 a fine yellow precipi- 
tate comes down, we infer that no copper is present, but only 
Qadmium. If a black precipitate comes doyni, on passing the gas 
through the slightly acidulated (HCl) solution, we infer the presence 
of copper and possibly of cadmium. These two metals can be sepa- 
rated either by means of KCy, (CdS being insoluble in potassic 
cyanide), or dilute sulphuric acid (CuS being insoluble in hot dilute 
sulphuric acid). Filter again; in the one case copper is left in 
solution, in the other cadmium. It is not difficult to identify these 
two metals by special tests. 

The separation of the metals mercury, lead, bismuth, copper and 
cadmium, is therefore based upon :— 

1st. The insohibility of HgS in nitric acid. 

2nd. The formation of SOjPbo", and its sohibiliiy in amnionic 
acetute, 

3rd. The i/nsoluhility of BiHos ^ excess of a/mmonic hydrate, 

4th. The insolubility of CuS in dilute sulphuric acid, or its solv^ 
bility in potassic cyanide, 

A. tabular scheme for their separation is given in the Analytical 
Tables, Table II. 



PRACTICAL EXERCISES AND QUESTIONS ON GROUP II, SUB- 
DIVISION A, AND THE PREVIOUS GROUPS. 

You are requested to analyse — 

1. A sample oi galena, in the dry way only. 

2. A hTdroehloric acid solution, containing much mercuric and little plumbic 

chloride. 

3. A mixture of the solid salts, blue vitriol, corrosive sublimate, and white 

vitriol, in the dry and wet way. 

4. A mixture of the solid salts, plumbic and bismuthous nitrate, in the dry and 

wet way. 

5. A solution containing much baric chloride and little plumbic chloride. 

6. A solution containing cupric, ferrous, and zincic sulphates. 

7. A solution of cupric, cadmic, and zincic sulphates, containing '050 grm. of 

Cu, -020 grm. of Cd, and '500 grm. of Zn. 

8. An alloy of zinc and copper (brass). 

9. A solution of mercuric, plumbic, and bismuthous nitrates, containing '050 

grm. of Hg, '500 grm. of Pb, and *100 grm. of Bi. 
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10. A sample of copper glance, in the dry way only. 

11. A sample of malachUe, in the dry way. 

12. A solution of plumbic and bismuthous nitrates (to be distinguished by means 

of CrO^Kos and NaHo). 

13. A solution of plumbic and cupric nitrates. 

14. What takes place when an ore, containing PbS, CdS, and ZfllS, ia roasted 

in a current of air ? 
16. You have given to you a solution of cupric sulphate, dipotassic tartrate, sodic 
hydrate, and grape sugar j what changes can you produce with these 
materials? 



Group II. Subdivision B. 

1. TIN, Sn" and *^. — This metal is found in nature mainly in 
the form of tmstone or cassiterite, S11O2, sometimes combined with 
sulphur, as tin pyrites ^ 81182 (hell-metal ore), 

EXAMINATION IN THE DRY WAT. 

When tin minerals are fused on charcoal, with CONaoj and 
KCy, in a strongly redjicing flame, they yield small globules of tin 
which are malleable, and the charcoal becomes covered with a white 
coating of SnOj. If this white incrustation be treated with a solu- 
tion of cobalto*us nitrate, and strongly heated, it assumes a bluish" 
green colour, which is characteristic of tin. 

By introducing into a borax head — in which sufficient cupric oxide has been 
diffused to render the bead faintly blue — traces of a tin compound and heating 
in the reducing flame, the bead turns reddish brown, or forms a ruhy-red glass. 

EXAMINATION IN THE WET WAT. 

Tinstone beiag insoluble in acids, must be fused with alkaline 
carbonates and a reducing agent, such as potassic cyanide, charcoal, 
or black flux (ignited EocheUe salt), when metallic tin is obtained. 
Tin dissolves slowly in hot hydrochloric acid with evolution of 
hydrogen and formation of SnCU, readily in aqua regia with for- 
mation of S11CI4. Nitric acid converts tin into metastannic acid, 
SUsOsHoio, which by evaporation and ignition is converted into 
Sn02. 100 parts by weight of metallic tin when thus oxidized, 
are found to increase to 12 7 '6 by weight (atomic weight of Sn = 
118). 

Tin is capable of combining either with two, or four atoms of 
chlorine, etc. In stannous chloride, SnCU, the metal exists as a 
dyad, and in stannic chloride, S11GI4, as a tetrad element. It is 
capable of forming two series of salts, of oxides, sulphides, etc., viz. : — 

Stannous compounds. Stannic compounds. 

"CI2 Stannous chloride. Sn^^Cl* Stannic chloride. 



"O „ oxide. Sn*'^02 „ oxide (anhydride). 

OjSno" ;„ sulphate. Sn^^Sj „ sulphide. ' 

^Sno" „ nitrate. 






S J, sulphide. 
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Stannic acid, S11OH02, combines not only with the strong alkali 
bases, OK2, ON'a2, bnt even with stannous oxide, SnO, to form 
stannates, e.g., SnOKo2, dipotassic stannate, SnOSno", stannons 
stannate. 

A. stanBom eomponnils. — A solution of stannous chloride, 
SnCly, is employed. 

SH2 (ffroup-reasent) gives a da/rh hrown precipitate of stannous 
Bulpblile, SnS, nearly insoluble in normal ammonic sulphide, but 
readily dissolved by yellow ammonic sulphide, SgAmj: fi^m this 
latter solution it is reprecipitated as yellow stannic sulphide, 81182, 
on the addition of hydrochloric acid ; it is also soluble in potassic 
or sodic hydrate, from, which hydrochloric acid precipitates SnS 
unchanged. Soluble in boiling hydrochloric acid. 

SAm2 gives the same precipitate. Soluble in excess. 

KTTo or NaHo gives a white bulky precipitate of stannous 
hydrate, SnHo2, readily soluble in excess to SnKo2 (dipotassic 
stannite). 

AmHo or COAmo2, same precipitate, insoluble in excess. 

By far the most interesting reactions are based, however, upon 
the tendency of stannous salts to become converted into stannic 
salts. S11CI2 combines with two more atoms of chlorine to become 
converted into S11CI4, whereby the chemical affinities of tin for 
chlorine become satisfied ; and stannous compounds may be 
viewed as unfinished bodies, which can deprive certain other 
bodies of chlorine, oxygen, etc. Expressed graphically, dyad 
tin (or stannosum, as it is sometimes called) has two bonds 



left unsatisfied or latent, thus: — CI — Sn — 01, whilst in tetrad 

CI 



tin (stanmcum) all the bonds are satisfied, thus : — CI — Sn — -CI or 

CI 
0=Sn=0. 



jCl^ added to a solution of SliCls produces first a foA»^0 precipitate of 
mercurous cbloride, SgTs^S) a^d when boiled with excess of onC^2> yields 
a greyish powder of metallle mercury. 

itO^Ago gives with excess of SnClj a finely divided black precipitate of 
metallic silver — 

2SnCl2 + 2N02Ago = Ag2 + Jfo^Sno" + SnCLi. 

CUGI2 is reduced by SnCl2 to cuprous chloride, COsCls, with formation 
ofSnCU. 

Z'esOle yields two atoms of chlorine to SliCl2» forming SnCl^, and leaving 
two molecules of PeCls. The yellowish solution turns green. 

AuOls gives with SliCl2 a purple precipitate (pitrple qfcassius), to which 
the formula SnOAu^o'^ + SnOSno'' + 4Aq (sometimes viewed also as Aus + 
8Sli02), has been assigned. The change may be expressed thus : — 

2AUCI3 + 3SnGl2 + 6OH2 = Au2 + SSnOs + 12H01. 
This is a most delicate reaction. 
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6. Stannic eomponnds. — A SOLUTION OF STANNIC CHLORIDE, SnOU, 
is employed in studying the reactions of Sn*^ in the wet way. 

SHs (yroup-reasent) gives a yellow precipitate of stannic sul- 
phlde, SnSz, readily soluble in alkaline snlphides, potassic hydrate, 
boiling concentrated hydrochloric acid, and aqua regia ; somewhat 
difficultly soluble in ammonic hydrate, and nearly insoluble in 
ammonic carbonate. 

SAms, same precipitate, soluble in excess. 

KHo or AmHo produces a white precipitate of stannic hydrate, 
SnOHoj, or stannic add, which is completely soluble in excess, 
forming dipotassic stannate, soluble in hydrochloric acid. 

COAmoj or CONao2 precipitates white stannic add, SnOHoa, 
soluble in caustic alkalies. 

Stannic chloride furnishes us, moreover, with an interesting pro- 
cess of precipitation, viz., by means of neutral salts, such as sodic 
sulphate, ammonic nitrate (in fact, most neutral salts). Metastannic 
acid (SilsOsHoio) is precipitated on heating, provided the solution 
of stannic chloride be not too acid, thus : — 

5SnCU + 20SO2Nao2 + I6OH2 = SngOgHoio + 20NaOl 

+ 20SO2HoNao. 

5SnOU + 20NO2Amo -f I6OH2 = SngOsHoio + 20AmCl 

4- 2ONO2H0. 

Metallic zinc precipitates from acid solutions of stannous or 
stannic chloride metallic tin in the form of grey lamince, or of a 
spongy mass which can be readily dissolved in hydrochloric acid, 
especially by the aid of a piece of platinum foil. 

Metallic tin or copper reduces stannic to stannous chloride, 
thus : — 

SnCl4 + Sn = 2SnCl2. 

A solution of stannous chloride (containing hydrochloric acid) 
cannot be kept, when exposed to air, without changing rapidly to 
stannic chloride, on account of the great attraction which stannous 
salts possess for oxygen, thus : — 

(1) SnCl, + O = SnO + CI2. 

(2) SnOla + CI2 = SnCU. 

(3) SnO + 2HC1 = SnClj + OH2. 

Hence granulated metallic tin or pure tinfoil is usually put 
into stannous solutions in order to prevent the formation of stannic 
chloride. 

QUESTIONS AND EXERCISES. 

1. How do you detect a stannic salt in the presence of a stannous salt ? 

2. Give the constitutional and graphic formulBB for metastannic and stannic 

acids, stannous and stannic chlorides. 
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8. How can the correctness of the atomic weight assigned to tin be shown 
experimentally ? 

4. Why does a chemical change take place when SnClj and HgrCls are heated 

together ? 

5. Explain the action of chlorine, nitric acid, and air upon stannous salts. 

6. How is Sn separated from Ag ? 

7. How would you analyse an alloy consisting of Pb, Cu, Bi, Sn ? 

8. A tinstone yielded on analysis 75'5 per cent, of metallic tin j how much 

SnOs did it contain ? 

9. How much chlorine gas by weight and by volume (at 0^ and 760 mm.) will 

be absorbed by 10 grms. of SnClj ? 
10. Express in symbolic formulee the equations for the reactions, in the wet way, 
of stannous and stannic chlorides. 



2. ANTIMONY, Sb'" and \— This metal is fonnd native; also 
in combination with oxygen as white antimony, Sb208, but more 
frequently as sulphide, 80283 (grey antimony), and in combination 
with other metallic sulphides (AgaS, PbS, 'Ctl'2S), as sulphanti- 
monite and sulphantimoniate. 

EXAMINATION IN THE DRY WAT. 

On heating metallic antimony or an antimony mineral, e.g., grey 
antimmiyf with free access of air, either on charcoal or in a glass 
tube open at both ends, dense white fumes of antimonious and 
antimonic oxides are given off, which condense on the colder part 
of the charcoal or glass tube, thus ; — 

Sb2S8 + O9 = SbjOa + 3SO2. 

Sublimed. 

All compounds of antimony can be reduced to the metallic state 
when heated on charcoal in the reducing flame, together with 
CONao2 and KCy. A brittle globule of metallic antimony is 
obtained, giving off dense white fumes of SbjOa (even after the 
withdrawal of the metal from the flame), which thickly incrust the 
metallic globule with a network of brilliant acicular crystals. 

EXAMINATION IN THE WET WAT. 

Chlorine attacks antimony violently, forming with it SbOls or 
SbClfi, according to the proportions of chlorine employed, and 
according to the temperature at which the combination takes place. 
HydrocHoric add has scarcely any action upon the metal; aqua 
regia dissolves it readily to SbCle. Nitric acid converts it into a 
compound containing Bb203 and Sb206, insoluble in nitric acid, 
soluble in tartaric acid. Grey antimony, SbjSs, as well as SbgSs, 
dissolve in concentrated hydrochloric acid with evolution of sulphu- 
retted hydrogen, the latter sulphide with separation of sulphur. 

Antimony forms two series of compounds by combining either 
with three or five atoms of chlorine, etc., viz. : — 
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AtUimonious compounds, AnUmonic compounds. 

SbCls, Antimonioufl chloride. Sb'^Clg, Antimonic chloride. 

Sb^'aOs, » oxide. Sb^aOs, „ oxide. 

Sb'^aSg, „ sulphide. Sb^jSg, „ sulphide. 

Sb'"Oflo, Metantimonious acid. Sb^OjHo, Metantimonic acid.* 

Both these acids can enter into combination with strong bases, 
snch as potassa, or soda, to form weak salts, — metantimonites and 
metantimoniates, viz. : — 

Sb^'^OKO) Potassic metantimonite. 
Sb^OjKo, Potassic metantimoniate. 
Sb^G^Nao, Sodic metantimoniate. 

Sb^02(Sb"'02)', antimonylic metantimoniate, or < 'gwvf)'' <^^^i" 

monic tetroxide, is formed when antimonic oxide (obtained by dis- 
solving antimony in nitric acid) is ignited. This compound is of 
some importance, as it serves for the quantitative estimation of 
antimony. 

A. Antlmonlous compounds. — A SOLUTION OF ANTIMONIOUS CHLO- 
RIDE, SbCls, is employed for the reactions in the wet way. 

SH2 (vroup-rea^eiit) gives an orange red precipitate of antlmo- 
nlous sulpblde, SbjSs, soluble in alkaline sulphides and in potassic 
or sodic hydrate; reprecipitated by hydrochloric acid; slightly 
soluble in ammonic hydrate, insoluble in hydric ammonic carbonate 
and in hydric ammonic or hydric potassic sulphites. It dissolves in 
boiling concentrated hydrochloric acid. 

Temperature and concentration of the reagents produce reciprocal effects. In 
a dUute hydrochloric acid solution the SbCls exchanges its chlorine in the cold 
for sulphur, with precipitation of Sb2S3, whilst boiling concentrated hydrochloric 
acid dissolves Sb^Sa readily with evolution of SH2. 

SAm2 produces the same precipitate as SH2, soluble in excess. 

KHo or NaHo precipitates antimonious oxide, Sb203, readily 
soluble in excess, with formation of potassic antimonite. 

Am Ho, same precipitate, almost insoluble in excess. 

COAmo2, COK02, or OONao2, same precipitate. 

OH2 decomposes SbOla, forming a white insoluble hade salt, 
antlmonlous oxyclilorlde, SbOCl, soluble in tartaric acid. (Dis- 
tinction FROM bismuthous oxychloride, BiOCl). Water, therefore, 
gives no precipitate with a solution of potassic antimonylic tartrate 

rco(Sb"'02)' 

I rjTTlTn 
(tartar emetic) < n jttt^ > and alkalies and alkaline carbonates 

[cOKo 
produce a partial precipitation only after some time. 

Metallic Zn, Cu, Cd, Fe, Co, Sn and Pb precipitate the metal 
in the absence of free nitric acid as a black powder. 

* OrthantLmonic acid, SbOHoj) and pyrantimonic acid, Sb208Ho4 (said to 
be formed when antimonic chloride is decomposed hy water), are little known. 
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An exceediogly delicate reaction for antimony consists in preci- 
pitating tlie metol from a dilute hydrochloric acid solution on 
platinum foil or on the lid of a platinum crucible, by means of a 
small strip of metallic zinc. H and SbHs (antimonietted hydro- 
gen*) are evolved, and the platinum is stained brown or black by 
the deposited metal. Mere traces of antimony can thus be discovered. 
The stain is not affected by cold hydrochloric acid, but disap- 
pears on heating with nitric acid. Tin cannot be precipitated on 
platinum. 

Compounds containing triad antimony exhibit a tendency (less 
marked, however, than in stannous compounds) to combine with 
more chlorine, etc., and to pass into pentad or antimonic compounds. 
Expressed graphically — 

CI 
chloride N Sb <^ ^^^ ^^^ bonds left unsatisfied or latent, 

cr ^ 

whilst pentad antimony in Sb^Cls or Sb^OCls (oxy-trichloride), has 
all its bonds satisfied, thus : — 

CI ^ 

Antimonic CL | CI Antimonic || 

chloride. >Sb/ °^Y-*?- Cl-Sl>-Cl 

cr ^Cl chloride. | 

CI 

The following are some of the reactions naturally arising from 
this condition of antimonious compounds : — 

When a current of chlorine gas is passed over solid SbCls, a molecule of 
chlorine is absorbed, and the chloride liquefies, thus : — 

SbCla + az = SbClfi. 

Solid Liquid 

antimonious antimonic 

chloride. chloride. 

Sodic metantimonite, SbONao, is oxidized, in the presence of sodic hydrate, 
by free iodine, with formation of sodic metantimoniate, SbOsNao, and Nal, 
thus : — 

SbONao + I2 + 2NaHo « SbOaNao + 2NaI + OH3. 

A hydrochloric acid solution of SbCls reduces AUCI3 to metallic gold (fre- 
quently with separation of SbOsHo), thus : — 

SSbCls + 2AUCI3 = dSbCls +AU3. 

Sodic metantimonite is oxidized in an alkaline solution by argentic oxide, 
OAg3, to sodic metantimoniate, argentous oxide, OAg4, being formed, which is 
insoluble in ammonic hydrate, OAg2 being readily soluble. (Distinctioit 

BBTWEEir SbjOs AlTD SD2O5.) 



* Of this gas more at page 86. 
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The reactions may be expressed as follows : 

(1) SbCls + 4NaHo = SbONao + 3NaCl + 20Ha. 

Sodic 
metantimonite. 

(2) 2N02Ago + 2NaHo » OAgj + 2N03Nao + OH2. 

Argentic oxide 

(insoluble in NaHo, 

soluble in AmHo). 

(3) SbONao + 20Ag2 » SbO^Nao + 0Ag4. 

Black argentous 

oxide, insoluble 

in AmHo. 

SSONaos (sodie hyposulphite) reduces antimonious compounds to metallic 
antimony, whicb combines with sulphur and forms Sb^Sa, thus : — 

SSSONaos + SbsOs = Sb2S3 + SSOsNaoj. 

B. Antimonic compounds. — A SOLUTION OF POTASSIO METANTIMONI- 
ATE, SbOgKo, may conveniently be employed for studying the 
reactions in the wet way. 

This salt is prepared by fusing metantimonic acid, Sb02B[o, 
witb a large excess of KHo, in a silver crucible, and dissolving the 
mass in cold water. Fused with caustic soda, a sodic metanti- 
moniate is obtained, which is insoluble in water. 

Sb02Ko is readily decomposed by concentrated acids (hydro- 
cbloric or nitric), metantimonic acid being precipitated. 

SH2 gives from a solution of SbOaHo in excess of hydrochloric 
acid, an orange precipitate of antimonic sulphide, 86285, mixed 
. witb Sb2S3 and S ; soluble in alkaline sulphides, readily soluble in 
ammonic or potassic hydrate ; also soluble in boiling concentrated 
hydrochloric acid, witb evolution of SB^ and deposition of S ; only 
very sparingly soluble in cold hydric ammonic carbonate. 

SAjn2, same precipitate, soluble in excess. 

S02Feo" does not reduce antimonic compounds. 

N02Ago, added to an alkaline solution of SbO^Ko, yields, for 
obvious reasons, only OAgg, readily soluble in ammonic hydrate. 

Antimonic compounds, like stannic salts, can, under certain conditions^ also act 
as oxidizing agents, e.g. : — 

On igniting antimonic anhydride, it splits up into Sb204 and oxygen. 

SliCl2 precipitates SbOHo &om a hydrochloric acid solution of Sb02Ho, 
the SliCl2 being converted into SliClf. 

On boiling a solution of Sb02Ho in hydrochloric acid with potassic iodide, 
iodine is liberated, colouring the solution brown. (SbCls is in fact frequency 
employed for the purpose of conveying chlorine to other bodies, both mineral and 
organic.) Iodine is set free, because SbCls, on being heated, together with 
2KI, forms SbCla + I2 + 2KC1. The liberated iodine is readily recognized by 
means of starch paste, when the highly delicate and characteristic blue iodide of 
starch reaction is obtained. (Distinction between antimonious and anti- 
monic COMPOUNDS.) 
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QUESTIONS AND EXERCISES. 

1. How is antimonioTis chloride prepared? What change does it undergo 

when water is added to it ? 

2. How can the metal antimony be obtained from grey cmtimony ore ? 

3. By what characteristic reaction can antimony compounds be recognized when 

examined in the dry way ? 

4. What is the action of concentrated nitric acid upon metallic antimony? 

Explain the change by an equation. 

5. How can you distinguish between antimonious and antimonic compounds ? 

6. Explain the action of Zn or Fe upon a solution of SbCls. 

7. What evidence hare we to show the triad and pentad nature of Sb ? 

8. G-iye illustrations of the reducing action of antimonious compounds, e.g., anti- 

monious chloride. 

9. GKye instances of the oxidizing action of antimonic compounds, e.g., metanti- 

monic acid. 

10. State how you would separate Sb from Sn, in the wet way. 

11. How can Sb be separated from Bi ? 

12. Express by symbolic equations the reactions for antimony in the wet way. 

13. Calculate the percentage composition of white antimony and antimonious 

oxychloride. 

14. 1 grm. of a sample of grey antimony yielded on analysis '854 grm. of Sb204 ; 

what percentage of antimony does the ore contain ? 

15. How would you separate Sn from Sb, in the dry way ? 

16. How much Bb204 by weight will 1*32 grm. of metallic antimony yield ? 

17. How much chlorine by weight and by volume (at 0°C. and 760 mm.) is re- 

quired to convert 10 grms. of SbCla into SbCls ? 

18. How much oxygen gas by weight and by volume (at 0°C. and 760 mm.) can 

be obtained by igniting 5 grms. of SD2O5 ? 

19. Describe the preparation of potassic metantimoniate. 

20. How much Pb and Sb have to be employed to prepare 60 lb. of type metal, 

an alloy having the composition Fb4Sb ? 



3. ARSENIC^ As'" and ^.— This body constitntes one of the 
most widely diffused elements in nature. It is found native, but 
exists most fipequently in combination with sulphur as realgar, 

{AsS" 
Aa<^"' ^^ diarsenious disulphide, and as orpiment, As2S"3, or 

arsenious sulphide (sulpharsenious anhydride) ; in combination witb 

f "As' ( 'As"Ni 

metals it exists in arsemcaZ m'c^Z, < '^AgiNi, copjper nickel, < 'Aa"M-> 

{"As' 
,/ A /Co. Arsenic acts in some of these mineral 

bodies more like a metalloid than a metal. Metallic arsenides are 
frequently found in combination with metallic sulphides, such as the 
sulphides of Ag, Fe, Ni, Co, Cu, etc., as in the common mineral 

f'As' 

mispickel, or arsenical pyrites, <„ m,¥e" ,Te^^B2i ^^ nickel glance or 

{"As' ( "As' 

;/^g;Ni",Ni*^S2, and in cobalt glance < „ * , Co", 

Co*^Sa. Arsenic occurs also in the form of metallic arseniates, such 
as calcic, magnesic, nickelous, cobaltous, plumbic arseniates; for 
example, in the mineral pharmacolite, AS%OzQqo" ^fiO^^ (calcic 
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pyrarseniate), in nickel ochre^ AS202Nio"3,9OH2, in cobalt bloom, 
AS202Coo"8,80H2, and in mimetedte, 3(AS202Pbo"s),PbCl2. 

Traces of arsenic are almost invariablj found in commercial sulphur, iron, 
copper, tin, and antimony. On account of the solubility of its oxides, arsenic is 
sometimes foimd in mineral springs and in the ochreous deposits from mineral 
waters. 

EXAMINATION IN THE DBT WAT. 

Arsenic can be completely volatilized. When heated in contact 
with air, either on charcoal or in an open tnbe, it bums and forms 
arsenious anhydride, AS2O3, giving off at the same time a peculiar 
and most characteristic garlic odour. Arsenical compounds give 
the same indications when heated by themselves, on charcoal in the 
reducing flame, and on the addition of sodic carbonate and potassic 
cyanide, whether the arsenic be present as arsenite or arseniate. The 
blowpipe experiments should be performed with great precaution, 
since arsenical fumes are 
poisonous. The reaction 
being so very delicate, 
small quantities only of 
the substance should be 
operated upon. 

When arsenical compounds 
are heated in a bulb-tube, Fig. Fio. 8. 

8, flf, mixed with a proper re- 
ducing agent (such as sodic carbonate and charcoal powder), metallic arsenic 
sublimes and deposits itself in the shape of a lustrous steel grey mirror, ft, in the 
upper part of the tube. 

EXAMINATION IN THE WET WAY. 

Chlorine attacks arsenic violently, forming a highly poisonous 
liquid, arsenious chloride, AsCU. Hydrochloric acid does not act 
upon arsenic ; nitric acid oxidizes it to arsenious and arsenic acids, 
according to the concentration of the acid. 

Arsenic forms two oxides, sulphides, etc., and two well characterized 
series of salts, arsenites and arseniates. 

A. Arsenious compounds. — We may employ either a solution 
OF ARSENIOUS ANHYDRIDE, ASsOs, in dilute hydrochloric acid, or an 
AQUEOUS solution OF AN ARSENITE, AsKos (tripotassic arsenite). 

SH2 (ffroup-reasent) produces in an acid solution of ASsOs 
a lemon yellow precipitate of arsenious sulpblde, AS2S3, readily 
soluble in caustic alkalies, in alkaline carbonates and sulphides, 
forming alkaline arsenites and sulpharsenites ; it is reprecipitated 
from any of these solutions, on the addition of dilute hydrochloric 
or nitric acid. It is nearly insoluble in concentrated hydrochloric 
acid, even on boiling; but soluble in nitric acid. On digesting 
freshly precipitated arsenious sulphide in a solution of hydric 
potassic sulphite, SOHoKo, and excess of sulphurous acid, the yellow 
precipitate is dissolved, and the solution contains potassic metar- 
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senite, and potassic hyposulpldte, afi«r driTing off ihe excess of snl- 
phurons acid bj eyaporation, thus : — 

2AbA + leSOHoEo = 4AsOKo + 6SSOK0, + S, + 7S0, 

+ 80H,. 

SAiDs, same precipitate, soluble in excess. 

NOfAgo produces from a solution of a neatral arsenite, or from 
a solution of ASzOa in water, rendered neutral by cautiously adding 
amnionic hydrate, a yellow precipitate of trlarsentle arsemlte, 
AsAgOj, readily soluble in ammonic hydrate, ammonic chloride, 
and nitric acid. The ammoniacal solution of AsAgOs and OAgi is 
decomposed on boiling, with separation of metallic silver and forma- 
tion of tiiarsentic araenUitc, AjB0AgO9, thus : — 

AsAgoa + OAg, = AsOAgos -f Ag,. 

Soluble in Soluble in Soluble in Black 

AmHo. AmHo. 'AmHo. precipitate. 

SO2C110'' produces a characteristic yellowuh green precipitate of hy4iic 
cnprle arsenite, AsHoCuo'' {8cheel^» green) y from a solution of tripotassic 
arsenite, readily soluble in ammonic hydrate, ammonic chloride, or nitric 
add. 

SOjMgo'' gi'^es no precipitate in the presence of free ammonic hydrate and 
unmonic cbloiiide. 

RemscJCs test. — Arsenic is precipitated on a strip of clean metallic 
copper, immersed in a hydrochloric acid solution of ASsOs, in the 
form of a grey film of ABzQvl^ from highly dilute solutions, espe- 
cially on heatiug. The film peels o£E in black scales if the solution 
contain sufficient arsenic. The presence of the metal should be 
confirmed in the dry way, especially as antimony is also precipitated 
by metallic copper under similar conditions. 

Arsenious compounds exert a powerftil reducing action, when 
brought together with bodies that are capable of parting with 
oxygen, chlorine, etc. This property is even more marked in 
arsenious than in antimonious compounds. Triad arsenic compounds, 
containing two unsatisfied bonds, give rise to numerous interesting 
reactions, thus : — 

AUCI3 (auric chloride) produces from an acid solution of ASaOa a pre- 
cipitate of metallic gold, and the reaction is so accurate that the amount of 
arsenic can be determined quantitatively from the weight of the precipitated 
gold. 

Two atoms of Au (2 x 196*7) ~ three atoms of As (3 x 75). 

4AaCl3 + 3AS3O3 + 15OH2 = 6ASOH03 + Aui + 12HCL 

Chlorine water, or compoimds capable of yielding chlorine, such as a solution 
of bleaching powder, or ci sodic hypochlorite, GlNao {Eau de Javelle), oxidize 
ASsOs rapidly, thus : 

A83O3 + 2CI3 + 5OH2 = 2ASOH03 + 4Ha. 
Iodine, dissolved in a solution of potassic iodide, likewise converts a solution 
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of AS3O3, dissolyed in excess of hydric sodio carbonatei into AS2O5, with for- 
mation of an alkaline iodide, thus : — 

AsHoNaos + 2COHoNao + I3 » AaOHoNaos + 2NaI + OH3 + CO2. 

Chlorine, iodine, and bromine act as oxidizit^ agents by decomposing water 
or a metallic oxide. Thfv form, with the hydrogen, HCl, HI, HBr, or with a 
metal the corresponding naloid salt, and the oxygen is transferred to the 
A83O3. 

The oxidizing action of OAgs upon AsAgos in an ammoniacal solution has 
already been noticed. 

An analogous change is produced by cuprio oxide in the presence of potassic 
hydrate. On adding to a strongly alkaline solution of tripotassio arsenite a few 
drops of oupric sulphate, and applying a gentle heat, the blue solution deposits a 
red precipitate of cuprous oxide, C1I2O, and leaves tripotassic arseniate, AsOKos, 
in solution. (Distinction between Aa^Oa and A82O5.) 

The deoxidizing action which arsenious compounds exert upon the higher 
oxides of chromium (chro mates) and manganese (manganates and permanganates), 
has already been described, pages 43 and 29. 



B, Arsenic Conpounils. — ^We employ AN AQU£OUS solution of 

TRIPOTASSIC ABSBNIATB, AsOKos. 

SHa gives scarcely any precipitate from an acidulated solution 
of AsOKoa, until the solution is heated, and a current of gas passed 
through for some time. It is difficult to effect complete precipitation 
even then. The precipitate consists of arsenious sulphide and sulphur. 
It is preferable to reduce the ASaOs first to AS2O3, by a more power- 
ful reducing agent than SH2, for example, by sulphurous acid, or an 
acid sulphite, such as SOHoKo or SOHoAmo — 

ASOK03 + SOHo, + ASK03 + SO2H02, 

vrhence sulphuretted hydrogen precipitates the arsenic readily as 
arsenious sulphide. 

NO^Ago gives a reddish hrown precipitate of trlarsentlc arsenlate, 
AsOAgOs, soluble in ammonic hydrate and in nitric acid. 

SOjCuo^' produces a pale greenish blue precipitate of taydrlc cupric 
arsenlate, AbOHoCuo'^ soluble ia ammonic hydrate and nitric acid. 

SOjMgo", in the presence of ammonic chloride and ammonic 
hydrate, gives a white crystalline precipitate of amnionic magrneslc 
arsenlate, AsOAmoMgo" (distinction of AS2O3 from ASjOs). 

FOsClc gives a yellowish white precipitate of ferric arsenlate, AssOsFegO^^ 

( 1 fio'l^-^^^'' (plamtilc acetate) gives a white precipitate of trlplumlile 

arsenlate, HB^O^Pho'^z. 

BCOsAmoa (amnionic molybilate), dissolved ia nitric acid, gives ayeUow 
precipitate of ameulo-ammonlc molybdate. 

Metallic copper does not precipitate metallic arsenic from dilute 
acid solutions of As^Os ; but on adding concentrated hydrochloric 
acid, and heating, a grey film of ASaCus is obtained (distinction 

BETWEEN ASjOs AND ASjOj). 

Arsenious as well as arsenic compounds are capable of oxidizing 
other bodies, amd become themselves reduced either to a lower oxide 
(suljphide), or to the metallic state. 
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SulpliTirous acid reduces arsenic to ai^enious acid. 

SSONaoj (sodlc tayponulplilte) depriyes arsenious acid of its oxygen, and 
conyerts it into A82S3, thus : — 

2A8H03 + 3SSONao2 s A82S3 + SSOsNaos -1- SOHj. 

Carbon reduces both Oxides of Arsenic to Metallic Arsenic. — A frag- 
ment of arsenious anhydride {white arsenic) is placed in the pointed 
end, a, of a hard glass tube drawn out before the blowpipe, as seen in 

Fig. 9. A piece of well 

ignited charcoal is next 

placed in the narrow 

T> ^^^g^n^^^^l^^^^ part of the tube, at &, 

somewhat above the 
fragment of the arse- 
nical compound. This 
charcoal is heated over 
a gas flame or the flame 
of a spirit lamp. When 
the charcoal is well 
ignited a second flame 
Fio. 9 is applied to the lower 

end of the tube in order 
to volatilize the arsenical compound, the vapour of which, on passing 
over the glowing charcoal, is deprived of its oxygen, and metalHc 
arsenic is deposited in the form of a shining black mirror on the 
inside of the tube, above the charcoal at c. The reaction takes 
place according to the equation : — 

2AS2O3 + 30 = AS4 -f- 3C0o. 

This test is very delicate. Arsenic, in the form of an arsenite or 
arseniate, is liberated by mixing perfectly dry charcoal powder, or 
black-flux, with the dry substance, previous to its introduction into 
the drawn out portion of the tube, which for this purpose has a 
small bulb blown at its lower end. The sublimation of metallic 
arsenic is accompanied by the characteristic garlic odour, 

KCy reduces arsenical 
compounds — oxides as well 
as sulphides — with forma- 
tion of potassic cyanate or 
sulphocyanate. A mixture 
of potassic cyanide with 
Fio 10. ^^6 arsenical compound is 

heated in a bulb tube a 
(Fig. 10). Metallic arsenic is deposited at 6. 
The changes are expressed as follows : — 

2AS2O3 + 6KCy = 6CyKo + As*. 

Potassic 
cyanate. 

2AaSz + 6KCy = 6CyKs + As*. 

Potassic 
sulphocyanate. 
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But aince potautc cjsnide contains potosaic cyBiutte, aa ireU m potauic cai- 
bomtte (its oompositioD ma; be eiprcBBed b; the formula 5KCj + C;Ko + 
o^COEoi). a porium only of the arsenic in &B^a is obtained in tlie metallic 
form, Bad a sulpharBeniata is formed which is not reduced bj potaeaic cjanide. 
On miiing the arsenioiis sulphide with sulphur, the whole of the arsenic remains 
behind in the fuaeil mass, as sulpharseniate, and no metallic deposit is obtained. 
(In the presence of snlpbidBa of Pb, Cu, Ag, Aq, Ni, Co, Fe— aa, e.^., of T»S, 
in artenicat pyritet, lalS;, in iiicU^^iife— which are reduced to the metallic 
st&te bj the aotioa of potaaeic c;raaide, Bcarcel; anj arsenical mirror is obtained, 
because the liberated metallic arsenic— a portion onl; of the arsenic being liberated 
— would immcdiatclj alio; itself with the metale.) Theae changea are e\pr.Bsed 
bj the equations : — 



The redaction is generally effected b; miiing drj arsenious sulphidii with one 
part of polBBBio cyanide and three parts of sodic carbonate, and introducing the 
miiture into a piece of combustion tube, C, drawn out- to a point, as seen on a 
larger scale in Fig. 11. A alow current of carbonic anhjdride generated from 
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marble and bjdrocbloric acid in the flask A, Fig. 12, and dried bj paaaing 
through b into the flask S, containing concentrated sulphuric acid, and out 
through the deliver; tube c, is passed orer the mixture in the tube C, heated at 
first gentl;, till all the moisture haa been driien out, and then strongly to fusion, — 
when a mirror of metallic arsenic eolleota in the neck of the drawn-out tube. 

The reaction baa thia adrantage, that no antimony mirror is obtained in the 
■ame way. 

In order, however, t« avoid missingthe arsenic, either altogether or obtaining 
only a portion of it, as stated above, it is preferable to treat the arsenious sul- 
phioe with a few drops of concentrated nitric acid, and to eiaporate with a little 
■olpbnric acid (in order to decompose any metallic nitrates, if present). The 
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sulpliurio acid is next neutraUsed with sodio carbonate, and the mass thoroughly 
dried, before mixing it with potassio cyanide and reducing it as described. The 
fused mass retains the antimony, and a good arsenical mirror is obtained, pro- 
vided no lead, copper, or other reducible metals were present. 

Arsenious and arsenic acids are both reduced by nascent hydro- 
gen, which combines with the oxygen of the arsenical oxides to 
form water, whilst the arsenic in its nascent state, or the very 
moment it is liberated from the oxygen, combines likewise with 
hydrogen to form a gaseous compound of arsenic, called arsenietted 
hydrogen (arsenious hydride) — As"'H3. This gas is obtained pure 
by acting with dilute sulphuric acid upon an alloy of zinc and 
arsenic. The zinc takes the place of the hydrogen in the acid, and 
arsenietted hydrogen is liberated, thus : — 

ASaZna + SSOjHoj = SSOaZno" + 2ASH3. 

Arsenietted hydrogen is an exceedingly poisonous gas, and the 
student should on no account attempt to prepare it pure. Its 
properties may be studied equally well in a mixture of the gas with 
much hydrogen. 

The experiment should be conducted in a closet, connected 
with a chimney or flue, where a good indraught of air can be obtained, 
Arsenietted hydrogen possesses a very nauseous odour, and bums 
with a peculiarly livid bluish flame, when the jet of hydrogen and 
arsenietted hydrogen gas is lighted, owing to the combustion of 
arsenic to arsenious aiiydride which rises in white fumes. 

Generate hydrogen in a flask, a, Fig. 13, from pure zinc (free from arsenic) 
and pure dilute sulphuric acid. Dry the gas by passing it over calcic chloride 
and connect the drying tube, *, with a piece of hard glass tubing, c, drawn out 
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Fio. 13. 

to a jet. The hydrogen gas may be ignited at the jet, cu soon cts it has displaced 
the air in the generating flashj a, and d/rying tube, h. It bums with an almost 
colourless flame if the zinc and acid are pure. On introducing a few drops of an 
arsenious or arsenic acid solution through the funnel-tube, the flame is seen to 
change to blue, and on depressing a piece of porcelain {e.g., a dish, or the lid of a 
porcelain crucible) into the flame, a black mirror or deposit of metallic arsenic is 
obtained. Or the metal may be collected— by heating the glass tube through 
which the arsenietted hydrogen passes — ^in the form of a metallic ring, dy which 
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deposits within the tube immediately behind the spot where the glass is heated. 
The hydrogen should not be generated too rapidly, if a good ring is to be obtained. 
The mirror may be driyen on to c by gradually moving the flame from c 
towards d. 

Several arsenical mirrors may be obtained if a long piece of combustion tube, 
Fig. 14, be employed, which has been narrowed in several places by drawing it 




Fio. 14. 

out in the flame of a blowpipe. Arsenietted hydrogen is generated in the flask, a, 
and passing through b, the drying tube, c, and combustion tube, dj issues from 
the drawn-out jet, where it can be burnt. The tube, d^ is heated in one or in 
several places, just before the several drawn-out narrow parts. An arsenical 
mirror is obtained a little behind the heated part of the tube, as seen in Fig. 14. 
Little or no arsenietted hydrogen need thus escape from the jet, especially if a 
slow current of hydrogen be generated. 

The deposition of arsenic in the tube or on the cold porcelain 
arises from the decomposition of the arsenietted hydrogen, which, 
at a high temperature, is broken up into arsenic, which is deposited, 
and hydrogen, which passes on and bums at the jet. The decom- 
position which takes place when a cold piece of porcelain is lowered 
into the flame, is readily explained, if we remember what takes place 
when some cold porcelain is held in a candle or gas flame. We ob- 
tain a deposit of soot (finely- divided carbon from the hydrocarbons), 
because the combustion is disturbed, and the temperature of the 
flame suddenly lowered. The flame can only burn where it is in 
contact with air, i.e., on the outside. The arsenietted hydrogen on 
passing through the inner portion of the flame, is decomposed by the 
heat into arsenic vapour and hydrogen gas ; the latter escapes 
through the outer portion of the flame, and is burnt, arsenic being 
deposited on the cold porcelain surface. The decomposition of 
arsenietted hydrogen takes place, even if very httle of the gas be 
mixed with much hydrogen gas, and this test — known as Marshes 
test — 18 therefore extremely delicate. 
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It is of paramount importance that both zinc and sulphuric acid should be 
tested first. This is done by generating hydrogen, and allowing the gas to 
escape by itself for some time, through the combustion tube ignited in seyeral 
places. 

Care should also be taken to avoid introducing nitric acid, since arsenietted 
hydrogen is readily decomposed by this acid. It is therefore preferable to dis- 
solve arsenical compounds in hydrochloric acid, with the addition of a few 
small crystals of potassic chlorate, and to heat gentiy till no more chlorous odour 
is observable. 

The metal antimony forms with nascent hydrogen a combustible 
gas analogous to arsenietted hydrogen, called antimonietted hydrogen 
(antimonious hydride), SbHa. It is prepared by acting with dilute 
sulphuric or hydrochloric acid upon an aJloy of three atoms of zinc 
and two atoms of antimony, thus : — 

SbgZna + 3SO2H02 = SSOgZno" -h 2SbH3. 

Mixed with hydrogen gas it is obtained by introducing into a 
hydrogen apparatus a few drops of an antimony solution (SbCla, 
Sb02Ko, or tartar emetic). The hydrogen flame turns at once 
bluish green, and white fumes of antimonious oxide, SbjOs, ascend 
into the air. The gas has no odour and is not poisonous.* On 
depressing a cold piece of porcelain into the flame, metallic anti- 
mony is deposited, and on heating the combustion tube, as in the 
case of the arsenic experiment, the gas is likewise decomposed into 
metallic antimony, which collects in the narrowed portions of the 
tube and forms a dull black mirror, and hydrogen, which escapes 
and can be burnt at the jet. 

Since both arsenic and antimony produce a metallic mirror, such 
mirror may be due to either metal or to a mixture of the two metals 
(in which case, however, the more volatile arsenic is deposited 
further away from the flame, and a part of the antimony is found 
anterior to the spot where the glass tube is heated), and it is obvious 
that we must make further experiments in order to distinguish the 
arsenic from the antimony in the mirror itself. 

This can be done very readily — 

Ist. By adding to the mirror obtained on cold porcelain a concentrated solu- 
tion of bleaching powder, or of sodic hypochlorite {eau de Javelle) ; or by simply 
exposing the mirror to chlorine gas, evolved by treating a little bleaching powder 
with dilute hydrochloric acid : the arsenical mirror is dissolved, antimony is not 
affected, thus : — 

Ass + 5Cmao = A82O5 + 5NaCl. 

2nd. By passing a very slow current of dry sulphuretted hydrogen through 
the glass tube, containing the arsenic and antimony mirror, and applying a gentle 
heat. The metals are converted into sulphides — arsenic into lemon-yellow arse- 
nious sulphide, and antimony into a black or partly orange-red antimonious 
sulphide ; and, if both metals are present, the two sulphides appear side by side ; 
the former somewhat in front of the latter, arsenious sulphide being the more 
volatile of the two sulphides. On passing next a current of dry hydrochloric 
acid gas without the application of heat, antimonious sulphide disappears 
entirely, being converted into antimonious chloride, which volatilize'S in the 

* The evidence on this point appears to be doubtful. 
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current of hydrochloric acid gas, and may be passed into water and tested by 
means of sulphuretted hydrogen. Arsenious sulphide remains unaffected, even 
if the hydrochloric acid gas be passed over it for some time. The residuary arse- 
nious sulphide dissolves readily in hydric ammonic carbonate, COHoAmo. 

Nascent hydrogen, generated by the action of a strong solution of potassio 
hydrate upon metallic zinc or aluminium, combines with arsenic to form arse- 
nietted hydrogen, but not with antimony ; and the presence of arsenic may be 
readily recognized in a compound by allowing a jet of the gas to impinge against 
filter paper dip^d in a solution of argentic nitrate, when a bluish-black colora- 
tion (AsAgj,), IS produced even by small quantities of arsenietted hydrogen. 
(Distinction between As and Sb.) 

Antimonietted and arsenietted hydrogen can moreover be distinguished from 
each other by passing a slow current of the mixed gases into a solution of 
argentic nitrate ; argentic oxide, acting the part of an oxidizing agent, converts 
arsenietted hydrogen into arsenious acid, thus : — 

AsHs + eNOjAgo + 3OH2 = Age + A8H03 + 6NOsHo. 

Antimonietted hydrogen is not acted upon in like manner. The oxidation 
extends onhr to the hydrogen and not to the antimony, the metallic silver taking 
the place of the hydrogen, thus ; — 

SbHs + SNOsAgo = SbAgs + 3NO2H0. 

The arsenious acid is separated by filtration from the insoluble SbAgs and 
Ag. On cautiously adding to the filtrate a dilute solution of ammonic hydrate, 
a yellow precipitate of trlarsentlc arsenlte is obtained, where the two layers 
of the ammonic hydrate and acid solution meet. 

The residue is boiled with a solution of tartaric acid, when the antimom'ous 
argentide is acted upon with formation of soluble antimonious tartrate (?), silver 
being left behind. Filter ; acidulate the filtrate with dilute hydrochloric acid, 
and pass sulphuretted hydrogen. An orange precipitate indicates antimony. 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural compounds of arsenic ? 

2. Translate into graphic formulsB the symbolic formulsB of realgar, orpiment, 

copper nickelf smaltine, nickel ochre. 

3. Adduce evidences of the triad and pentad nature of arsenic. 

4. What changes does metallic arsenic undergo .when heated, 1st, by itself, in a 

current of a neutral gas (CO2 or H) ; 2ndly, in contact with air j 3rdly, 
in contact with chlorine ? 

5. How is metallic arsenic obtained from white arsenic ? 

6. How can arsenious compounds be distinguished in the presence of arsenic 

compounds ? Give several methods. 

7. What action has sulphuretted hydrogen upon an acid solution of arsenious 

and upon a solution of arsenic acid ? 

8. Express by an equation the reaction which takes place when arsenious 

sulphide is dissolved; 1st, in NaHoj 2ndly, in SAm2j 3rdly, in 
COHoAmo. 

9. What precipitates are produced when argentic nitrate is added to a neutral 

solution of an arsenite, or arseniate ? 

10. Wliy is triargentic arsenite, in an ammoniacal solution, converted on boiling 

into triargentic arseniate ? Express the change by equations. 

11. What is the action of magnesic sulphate in an ammoniacal solution (so-called 

magnesia mixture) upon arsenious and arsenic solutions ? 

12. Q-ive a few instances of the reducing action of arsenious compounds. Ex- 

press the changes by equations. 

13. Explain the oxiduing action of chlorine, bromine, and iodine upon arsenious 

compounds. 
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14. What takes place when metallio copper is introduced into a dilute hydro- 

chloric acid solution : Ist, of AB3O3 ; 2ndl7, of ASaO^ (Beinsch's 
test) ? 

15. Explain under what conditions arsenic, as well as arsenious compounds, act 

as oxidizing agents. Give examples, and express the changes hj equa- 
tions. 

16. Explain why a portion of the arsenic onlj is liberated, when an arsenical 

sulphide is lieated with potassic cyanide. Give equations. 

17. Explain how the presence of free sidphur, or the presence of certain metallic 

sulphides influences the reduction of arsenicHtl compounds by potassic 
cyanide. Give equations. 

18. Explain the reduction of arsenical compoimds by nascent hydrogen (Marsh's 

test), and show by equations the formation 01 arsenietted hydrogen. 

19. What change does arsenietted hydrogen undergo : 1st, when burnt in the 

air ; 2ndly, when passed through a tube heated in one or more places ; 
drdly, when passed into a solution of argentic nitrate ; 4thly, when passed 
through concentrated nitric acid ? 

20. Explain the formation of antimonietted hydrogen and state— 1st, what pro- 

perties arsenietted hydrogen has in common with antimonietted hydro- 
gen ; and, 2ndly, how it differs from the latter in its chemical deportment 
with argentic nitrate. 

21. How would you distinguish between an arsenic and antimony mirror? 

22. State how arsenic can be separated — Ist, from antimony, 2ndly, from tin. 

23. 1*2 grm. of finely divided gold has been obtained by boiling a solution of 

arsenious acid with auric chloride : how much As^Os by weight did the 
solution contain ? 

24. Calculate the percentage composition of ammonic magnesic arseniate, dried at 

100* C. (ABOAmoMgo^' + Aq.). 



4. GOLD, An' and'". — Gold is generally fonnd native and is 
then readily recognised by its colour, malleability, and physical 
character generally. Gold occnrs in anything lUce considerable 
quantities in combination only with the rare element tellurium. In 
small quantities it occasionally accompanies metallic sulphides. 

EXAMmATION IN THE DRY WAT. 

When lieated on charcoal with sodic carbonate and borax in the 
reducing flame, gold compounds yield a yellow, very malleable 
globule of metallic gold. 

To detect gold in argentiferous minerals in which it is present only in minute 
quantities, and associated with large quantities of other non-Tolatile metals, the 
powdered mineral is fused with borax and metallic lead, and the metallic button 
cupelled, as will be described under silver. The globule of white metal which is 
left on the cupel is beaten out, and the silver dissolved by digesting with a 
little nitric acid in a small porcelain dish. The argentic nitrate is poured off, 
and the gold waslied with distilled water. The black insoluble residue is once 
more fused on charcoal before the blowpipe, when it assumes the well-known 
appearance of fine gold. 

Old silver coins fipequently contain a small quantity of gold, which, on dis- 
solving in nitric acid, is left as a black powder. 

When an insufficient quantity of silver is present in the button (which may 
be inferred from its pale-yellow colour), from two to four times its own weight 
of silver should be fused up with it, and the button so obtained beaten out and 
then treated with nitric acid in order to separate or " part " the gold- — Method 
ofcusaying gold. 
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EXAMINATION IN THE WET WAT. 

Gold when nnalloyed is soluble in aqua regia only, forming a 
SOLUTION OF AURIC CHLORIDE, AuCIs, which may be employed for 
studying the reactions in the wet way. 

SHa (sroup-rea^ent) ^ves from a cold solution a lilack preci- 

cipitate of auric sulplilde, AUsSs, from a boiling solution, a brownish 

"Au' 
precipitate of aurous sulphide, AUsS = " a ^iS". These precipitates 

are insoluble in hydrochloric and nitric acids, but dissolve in aqua 
regia. They are likewise insoluble in normal ammonic sulphide, 
but soluble, although with difficulty, in yellow sulphide, more readily 
in yellow sodic sulphide, with which they form a sulpho-salt, 
AuNass. 

SAnij and SSONaoa, same precipitate. 

KHo or NaHo produces no precipitate. 

AmHo produces from a concentrated solution of auric chloride a 
reddish yellow precipitate of ammonic aurate or fulmlnatlnff sold, 

rN^HjHo 

(NHsMuaOs, or< I^^O ,thus:— 

2AuCl8 + SAmHo = (NROaAuaOs -I- 6AmCl + 5OH2. 

The detection of gold is attended with no difficulty, owing to 
the facility with which auric chloride is reduced to the metallic 
state. Gold has little affinity for non-metallic elements ; the com- 
pounds which it forms with them are readily broken up by heat 
alone, or on being brought in contact with bodies which have more 
aflSnity for the metalloids, leaving metallic gold in a finely divided 
condition, as a brown powder, which acquires metallic lustre when 
dried and rubbed in a mortar. Hence in auric chloride we possess a 
powerful oxidizing agent, as we have already seen under tin, anti- 
mony, and arsenic. The same oxidizing action is called into play, 
when AuCls comes together with solutions of sulphurous and oxalic 
acids, ferrous sulphate, ferrous or cuprous chloride, dissolved in 
hydrochloric acid, mercurous nitrate, potassic nitrite, sugar in an 
alkaline liquid, and many other organic substances (e.g,^ the epider- 
mis) ; arsenietted, antimonietted, and phosphoretted hydrogen 
decompose AuCls likewise. 

The following equations express these changes : — 

(1) 2A11CI3, when i^ted splits up into Au2 + SClj. 

(2) AU2S9, „ „ „ Aua + Ss. 

(3) 2Aua3 + 3SOH02 t SOHa « Auj + SSOjHoa + 6Ha. 

(4) 2AnCl3 + 3 { ^oHo '^ ^^^ ■*" ^^^^ **" ^^^^ 

(5) 2AaCl3 + 6FeCl2 ^ Au2 + 3Fe201« 

(6) 2An(n8 + eSOjFeo" = Au, + PeaCl^ + 2S80eFeso^. 
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(7) 2AaOl3 + SCusOls « Au2 + GCnCls. 

(8) 2Ana3 + sjfo'^gao" = Aua + aJf^^Hg^// + BJE^t^di. 

(9) 2AaCl3 + SNOKo -f dOHj = Auj + SNOsEo + 6Ha. 

(10) 2Aaas + 2A8Hs + dOHs = Au, + 2ASH03 + 6HC1. 

(11) 2AnCl3 + SbHs = Auj, + ShCi^ + 3HC1. 

In the analysis of a solution containing gold, as well as some 
other metals of Group II, precipitable by SH2, it is usual to first 
remove the gold in the metallic state, by boiling with oxalic and 
hydrochloric acids, before passing SH2. The precipitated gold is 
collected on a filter and fused to a button on charcoal. 

Gold is precipitated from a hydrochloric acid solution of AuCls 
by most metals, even by Pt, Ag, and Hg. 

QUESTIONS AND EXERCISES. 

1. How would you treat a silver coin containing a small quantity of gold, in 

order to extract this latter metal from it ? 

2. How is AnCls prepared ? 

3. Translate into graphic formulae the following constitutional formulse : AuOls, 

f "Au'On r^'An'Sq " fAu'q 
1 "Au'O^' I "Au'S^' " 1 Au'^- 

4. Describe how pure metallic gold is prepared from AUCI3, in the wet way. 

5. Explain the change which AU3S3 undergoes, Ist, when gently heated in a 

hulb tube ; 2ndly, when heated in a tube open at both ends. 

6. What reaction takes place when AUCI3 is brought together with bodies 

which haye any latent bonds left ? Give instances of such reactions and 
express the changes by equations. 

7. How can gold be separated from an alloy of Au, Ag, and Cu ? 

8. 9*37 grras. of a gold mineral, when treated with aqua regia and reduced by 

FeClo, yield '53 grm. of metallic gold ; what is the percentage of gold 
in the mineral ? 

9. How much chlorine gas, by weight and by volume, can be obtained by the 

ignition of 1*25 grm. of AuCls ? 
10. What action takes place when a piece of gold is suspended from the positive 
electrode in a bath of Auuls, metallic copper forming the negative 
electrode ? Explain the process of electro-gilding. 



5. PLATINUM, Pt" and i^.— This metal is found native, 
but more frequently alloyed with other metals. It is characterized 
by its infusibility before the blowpipe, and is not acted upon 
by the usual fluxes. It can, therefore, only be examined in the wet 
way. 

Unalloyed platinum is not attacked by either nitric, hydrochloric, 
or sulphuric acid, but by aqua regia, with formation of platinic 
chloride, PtCU. A solution of this salt is employed for studying 
the reactions of platinum. 

SH2 (sroup-reagrent) produces slowly a dark hrown precipitate of 
platinic dlsulphlde, PtS2. On heating, the precipitate forms quickly. 
It is insoluble in nitric or hydrochloric acid, soluble in aqua regia ; 
difficultly soluble in normal amnionic sulphide, more speedily in 
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yellow sulphide, with which it forms a snlpho-salt, PtSAmsa. 
Heated out of contact with air, it is decomposed into "Pt"S and S. 

SAm2, same precipitate. 

PtCU is interesting on account of the compounds which it forms 
with the chlorides of the alkali metals (and with the chlorides of 
many organic bodies, e.g,, the so-called alkaloids, such as quinine, 
nicotine, etc.). 

AmCl produces a light yellow crystalline precipitate of ammonJc 
platinlc chloride, 2AmC1,PtCl4. From dilute solutions a precipitate 
is obtained only after evaporation on a water-bath. The precipitate 
is somewhat soluble in water, insoluble in alcohol. 

KCl produces a yellow crystalline precipitate of potamlc plalinlc 

cliiorliie, 2KCl,PtCl4, analogous in its appearance and properties to 

the precipitate just described. 

NaCl forms with platinic chloride a double chloride, -which is, howeyer, 
soluble in water, and is obtained in needle-shaped crystab onlj after considerable 
e?aporation. 

The precipitate produced by platinic chloride with AmCl and 
KCl serves for the detection and isolation of platinum, and vice versd, 
for the detection of ammonium or potassium compounds. (Comp. 
Chapter II.) 

Platinum is capable of forming a lower chloride, viz., platinous 
ehloride, "Pt"Cl2, in which the platinum acts as a dyad. This salt 
is obtained by heating the platinic chloride for some time in an air- 
or oil-bath up to 204" C, as long as any chlorine is evolved ; or by 
acting with sulphurous acid upon a solution of platinic chloride, 
until the latter ceases to give a precipitate with ammonic chloride. 
PtClg is a greenish-grey powder, hisoluble in water, but soluble in 
hydrochloric acid. 

Several reactions in the wet way for platinum are based upon 
the power, which its salts possess, of oxidizing other bodies which 
have some bonds left unsatisfied ; but as platinic salts are not so 
easily reduced as gold salts, a solution of the latter metal is generally 
preferred. After what has been stated under gold, the following 
reactions will be readily understood : — 

PtCU produces with SnCU only a dark brownish-red colour, 
owing to the reduction of the platinic to platinous chloride. 

PtCU is reduced by S02Feo" only after long continued 
boiling. 

r H 

PtCU is reduced to platinum by formic acid, < r^r\jr , on heat- 
ing, if the free acid be neutralized with sodic carbonate. 

Metallic zinc precipitates metallic platinum. 

It is obvious that platinous chloride could act as a reducing 
agent, but it is rarely employed for this purpose. 

Whenever platinum and gold are contained in a solution, together 
with other metals of Group II, precipitable by sulphuretted hydrb- 
gen, it is preferable to remove the gold, by means of oxalic acid 
(which does not reduce platinic chloride), before removing the 
platinum by evaporation with ammonic chloride. 
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QUESTIONS AND EXERCISES. 

1. How is platinic chloride prepared ? Give an equation. 

2. How much metallic platinum is left when two grms. of PtSj aire strongly 

ignited in a porcelain crucible ? 
8. How much Pt will be left, when 1*5 grm. of 2AmCl,PtCl4 is ignited ? 

4. Calculate how much potassic platinic chloride ought to be obtained from 

•521 grm. of KCl. 

5. How is platinous chloride prepared ? 



Separation of the metals arsenic^ antimony, and tin, whose suU 
phides are soluble i/n yellow ammonic sulphide, or in sod/ic hydrate. 

The precipitate produced by the group-reagent, is soluble in 
yellow amnionic sulphide, or in sodic hydrate, and may consist of 
three sulphides. If the precipitate be of a dark-brown colour, it 
may be inferred that stannous sulphide is present. If it be of a fine 
lemon-yellow colour, the presence of arsenious or stannic sulphide 
may be inferred, if orange-coloured, antimony should be looked for. 

The three sulphides are unequally soluble in hydric ammonic 
carbonate. ASjSs dissolves freely, S11S2 very slightly, and Sb2Ss 
is insoluble. On digesting, therefore, the precipitate with 
COHoAmo, and filtering, arsenic is obtained in the filtrate ; and 
antimony and tin are left in the residue. In order to separate the 
remaining two metals, the antimony is converted into antimonietted 
hydrogen, — tin does not form a gaseous compound with hydrogen. 
For this purpose the two sulphides are dissolved in hot hydrochloric 
acid, and the solution of the mixed chlorides introduced into a 
Marsh's apparatus. Antimony is detected by the metallic deposit 
which antimonietted hydrogen gives on porcelain, insoluble in ClNao. 
Tin is found in the generating flask as a black powder. The greyish 
metal is removed from the undissolved zinc, dissolved in hot hydro- 
chloric acid (by the aid of a little platinum foil), and the solution 
tested with mercuric chloride. A white precipitate of mercurous 
chloride, Hg2Cl2, indicates the presence of tin. 

The separation of arsenic, antimony, amd tin, may thus he based 
upon — 

1. The solubility of AS2S3 in hydric ammonic carbonate. 

2. The formation of antimonietted hydrogen, 

3. The precipitation of tin by metallic zinc, 

A tabular scheme, embodying this method of separation, will be 
foxm.d in Table II i^i the Analytical Tables at the end of the book. 

Several other naethods of recognizing and separating the metals 
tin, antimony, and arsenic, will readily suggest themselves. The 
student should draw up tabular schemes, embodying the following 
five methods. 

A method of separation of As, Sb and Sn, may be based upon : — 

1st. The oxidation of AS2S3, Sb2S8 and S|i8 by concentrated 
nitric acid ; and the conversion of the three oxides (oy fusion with 
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canstic soda in a silver cmcible) into sodic metantimoniate, arseniate 
and stannate. 

2nd. The insolubility of Sb02Nao in water and alcohol 
(AsONaos and SnONaoa being soinble). 

8rd The conversion of AsONaos and SnONaO) into AS2S8 and 
SnS, by means of snlphnrons acid and sulphuretted hydrogen. 

4th The volatility of AS2S3, when heated in a current of dry 
8H2 gas, SnS being non- volatile. 

5tli. The absorption of the volatilized ASjSs in a solution of 
sodic hydrate, oxidation by chlorine and precipitation as 
AsOAmoMgo". 

6th. The conversion of the non-volatile SnS into SnOs by 
ignition in air. 

Another method is based upon : — 

1st. The precipitation of arsenic and antimony in the form of 
sulphides, by boiling a hydrochloric acid solution of the three metals 
with sodic hyposulphite, tin remaining in solution. 

2nd. By boiling the precipitated AS2S3 and Sb2S3 with hydric 
potassic sulphite and sulphurous acid; As2S3 is converted into 
potassic metarsenite, Sb2Ss remains undissolved. 

A third method consists in : — 

1st. Removing the AS2S3, by boiling with hydric sodic sulphite 
and sulphurous acid ; the other two sulphides are not dissolved. 

2nd. The oxidation of the undissolved SbjSs and SnS, with 
concentrated nitric acid and boiling with tartaric acid ; SbjOi is 
soluble, SnOs remains undissolved. 

A fourth method of recognizing arsenic, antimony, and tin, is 
based upon : — 

1st. The introduction of a solution (in HCl and KO3CI) of the 
three sulphides into a hydrogen apparatus, and passing the evolved 
arsenietted and antimonietted ^ hydrogen through a solution of 
argentic nitrate ; the tin remains behind precipitated on the zinc. 

2nd. The solubility of the precipitated SbAgs in tartaric acid, 
and precipitation of the antimony by means of sulphuretted 
hydrogen from a hydrochloric acid solution. 

3rd. The precipitation of the AsAgos from the argentic nitrate 
solution by means of ammonia. 

A fifth method of recognizing the metals of Group IIb, de- 
pends upon : — • 

1st. The insolubility of AS2S3 in strong hydrochloric acid, 
Sb2S3 and SnS2 being dissolved. The presence of arsenic is con- 
firmed by fusion with potassic cyanide and sodic carbonate. 

2nd. The precipitation of the antimony on platinum by means of 
metallic zinc ; a black stain indicates antimony. 

3rd. DissolviDg the tin precipitated on the zinc in hydrochloric 
acid and confirming its presence by means of mercuric chloride. 
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PRACTICAL EXERCISES AND QUESTIONS ON GROUP IIb. 

1. Sulphuretted hydrogen produces a fine yellow precipitate, a portion of which 

is soluble in amnionic sulphide. What inference would you draw from 
this, and how would you examine both the solution and the residuary 
yellow sulphide ? 

2. Describe several methods for separating As from Sb. 

3. Examine some green paper-hangings for As (Scheele's green). 

4. Test a sample of commercial hydrochloric acid for As and Fe. 

5. Separate Am from Sn in a solution of SliCl2 and A82O3, containing '600 grm. 

of Sn, and '020 grm. of As. 

6. Analyse a solution containing '010 grm. of As and '100 grm. of Sb, by con- 

verting the two metals into the respective hydrogen compounds. 

7. You have given to you a hydrochloric acid solution containing '200 grm. of 

Sn and '020 grm. of Sb ; also a strip of zinc and a piece of platinum foil. 
Describe how vou would separate the two metals. 

8. Test a sample oi iron pyrites S'eS2, for arsenic, in the dry and in the wet 

way. 

9. A precipitate consists of SbjSs and A82S3. Describe difierent methods 

of analysis, and state the possible causes of error inherent upon each 
method. 

10. Analyse a mixture of Sli02 and Sb204, both in the dry and wet way. 

11. You nave given to you a solution, containing potassic arsenite and arseniate. 

State how you would identify the two oxides of arsenic in the presence of 
each other. 

12. Test a solution of stannic cMoride for stannous chloride. 

13. How can you detect traces of antimonic chloride in a solution of antimonious 

chloride ? 

14. What are the changes which A82S3, Sb2S3 and SnS2 undergo, when they 

are treated with concentrated nitric acid and when the piquets of the 
oxidation are fused with caustic soda ? 



Chapter VI. 

REACTIONS OF THE METALS OF GROUP I. 

Tliis group comprises the metals silver, lead, and mercury in 
the form of mercurons compounds, which are precipitated by dilate 
hydrochloric acid. 

1. SILVER, Ag'. — This metal occurs native; also as sulphide, in 
silver glance^ SAg2, and in combination with antimony, as sulpho- 
salt in trisulpharffentic orthosulphantimonite, or dark red silver ore 
(jfyrargyrite), SoAffSs; with arsenic as trisulphargentic sulphar- 
senite, in jproustite, AsAgSs ; as chloride, AgCl, in horn silver, and 
other ores. 

examination in the dry way. 

Place a small quantity of powdered silver glance towards the 
middle of a hard glass tube (combustion tubing of about ^ inch 
internal diameter, cut with a sharp file into lengths of 5 to 6 inches, 
answers best). Heat the powder gradually by moving the tube 
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abont in a Bunsen gas flame, and lastly, heat it strongly towards the 
centre. By holding the tnbe in a slightly slanting position, a current 
of air is made to pass over the ignited sulphide ; the sulphur becomes 
oxidized and is carried off as sulphurous anhydride, readily recog- 
nisable by its pungent odour. Metallic silver is left, together with a 
little argentic sulphate. 

Other volatile bodies, such as antimony, arsenic (selenium and 
tellurium), which are frequently present in pyritical silver ores, are 
likewise oxidized, but are, to a great extent, deposited as As^Os and 
SbjOa, in the cool part of the tube. 

Mix a little of the finely-powdered silver glance (or of the roasted 
ore) with sodic carbonate, and heat upon charcoal under the re- 
ducing flame of the blowpipe. A globule of bright metallic silver 
is left, which is, however, almost invariably contaminated with a 
little carbon. 

Silver ores which contain no other fixed element but silver, are 
reduced on charcoal to the metallic state by a simple f asion with 
sodic carbonate. Antimony and arsenic, if present, are readily vola- 
tilized as metals, before the reducing flame. The sulphur combines 
with the alkali metal. 

Silver ores which contain non- volatile metals, such as copper, 
iron, etc., as in argentiferous fahl ore, and from which the metal 
silver could not be eliminated before the blowpipe flame, are treated 
in the following manner : — 

Mix 'loo grm. of the finely-powdered ore with its own bulk of 
pounded borax glass ; wrap it up in a small piece of assay lead ; * in- 
troduce it into a cavity, made in a good piece of charcoal, and fuse 
under the reducing flame of the blowpipe, at first gently, and after- 
wards more strongly. The heat is kept up till the whole mass has 
resolved itself into a metallic button and a clear glassy borax bead, 
which does not adhere to the charcoal. Should the metallic button, 
on cooling, present a dull grey surface, indicative of the presence of 
antimony, it is next heated in the oxidizing flame, until on cooling, 
it shows a bright, somewhat prismatic surface. It is then detached 
from the borax, cleaned by a blow with a hammer and carefully 
cupelled on some bone-ash (tricalcic phosphate, P202Cao"8), pressed 
into a shallow cavity in a piece of charcoal, the surface being made 
smooth and thoroughly concave with the round end of a pestle. The 
button is thoroughly freed from borax, placed in the cupel and 
heated in the oxidizing flame. The lead is oxidized and absorbed by 
the porous bone-ash, forming a mass of fused litharge around the 
metallic bead. If one cupellation does not yield a brilliant white 
globule of silver, i.e., if the copper has not been entirely removed — a 
fact which is indicated by a black colour, instead of the pale yellow 
colour of the litharge, in the cupel — the cupellation of the button 
must be repeated in a fresh cupel, and the button, if necessary, 
re-melted with a small quantity of assay lead. The silver not being 
an oxidizable metal, is obtained in the metallic state. 

* L :ad free from silver, prepared from plumbic acetate. 
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Small quantities of silver must he separated from lead (as well as 
from other metals), hy cupellation. 

Fuse some finely- powdered a/rgentiferous galena^ PbS,SAg2 (or 

PbAgS2), on charcoal before the reducing flame of the blowpipe, 

either alone or with sodic carbonate. A bead of an alloy 

of much lead and very little silver is left. Expose this 

bead on a small cupel (Fig. 15) to the oxidizing action 

Fig. 16. ^f the blowpipc flame. The lead is oxidized and absorbed 

by the cupel, metallic silver being left. 

Dried AgCl is mixed with dry CON'ao2, in a small mortar, 
transferred to the charcoal and heated in the reducing flame of the 
blowpipe. A button of metallic silver is left, thus : — 

2AgCl + CONaoa = 2NaCl + COa + + Ag,, 

EEACTIONS IN THE WET WAY. 

For the reactions of silver in the wet way we employ A solution 

OF ARGENTIC NITRATE, NOaAgO. 

HCl (ffronp-reasent), and soluble chlorides (NaCl, etc.), give a 
white curdy precipitate of argentic chloride, AgCl, which turns 
violet on exposure to light. The precipitate is insoluble in water 
and dilute acids ; slightly soluble in concentrated nitric and hydro- 
chloric acids ; readily soluble in ammonic hydrate, potassic cyanide, 
and sodic hyposulphite ; soluble also to a perceptible extent in 
concentrated hydrochloric acid and in saturated solutions of alka- 
line chlorides, more particularly when heated, whence the dis- 
solved argentic chloride is, however, reprecipitated on dilution 
with water. 

Collect the precipitated AgCl on a filter and dry over a sand-bath. Fuse a por- 
tion of the dried AgCl in a porcelain crucible over a small gas-flame. The white 
powder fuses ; it undergoes a mere physical change, and leaves on cooling a hard 
mass, called horn silver. 

Place a small piece of zinc on the fused horn silvery and add a drop of dilute 
hydrochloric acid and a Httle water. A Toltaic action is set up between the 
metallic zinc and silyer. The zinc removes the chlorine and leaves the metallic 
silver. The same action takes place when the white curdy precipitate of argentic 
chloride is brought in contact with strips of metallic zinc. 

This forms a convenient method of recovering silver from silver residues. 

NaHo or KHo precipitates argentic oxide, OAg2, in the form of 
a hrovm powder, which, on strong ignition, gives oif oxygen, and is 
converted into metallic silver. 

AmHo, when gradually added, precipitates argentic oxide, readily 
soluble in excess. 

SH2 precipitates black argentic sulphide, SAg2, from acid solu- 
tions ; insoluble in dilute acids, in alkalies, alkaline sulphides, and 
potassic cyanide ; readily soluble in dilute boiling nitric acid, with 
separation of sulphur. 

SAm2, (or any soluble sulphide) precipitates from neutral solu- 
tions black argentic sulphide. 

HI or KI gives a yellowish precipitate of argentic Iodide, Agl, 
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insolnble in dilate nitric acid ; almost insoluble in amnionic hydrate 
(distinction between AgCl and Agl). 

HBr or KBr gives a yellowish white curdy precipitate of ars«ntle 
bromide, AgBr; insoluble in dilute nitric acid; difficultly soluble 
in ammonic hydrate ; readily soluble in potassic cyanide, or sodic 
byposulpbite, decomposed by concentrated hydrocnlorip acid, with 
evolution of bromine vapour and conversion into AgCl. 

HCy or KCy gives a white curdy precipitate of avgrentlc cyanide, 
AgCy, soluble m excess of the reagent ; insoluble in dilute nitric 
acid ; soluble in ammonic hydrate, but reprecipitated by dilute nitric 
acid ; soluble in sodic hyposulphite. The precipitate is decomposed 
by concentrated boiling nitric acid; it is decomposed also when 
heated by itself in a porcelain crucible, to par acyanide, metallic silver, 
and cyanogen gas (distinction from AgCl, Agl, and AgBr). 

Place a bright and clean strip of copper into a solution of 
argentic nitrate. The copper becomes rapidly covered with a 
lustrous coating of metallic silver ; and the solution, after a time, 
gives no more precipitate with hydrochloric acid. The silver is 
deposited on the copper in the metallic state, and the solution 
contains now N2O4CU0" : an equivalent quantity of copper (63'5 
by weight of copper for every 216 of silver) having been dis- 
polved. 

Place a small globule of mercury into a concentrated solution of 
argentic nitrate on a watch-glass. The globule of mercury becomes 
rapidly covered with a crystalline mass, resembling some vegetable 
growth, termed arhorescence. After a time the whole of the silver 
becomes removed from the solution, and the solution contains in the 
place of the argentic nitrate, mercuric nitrate, N204Hgo". Metallic 
silver is precipitated and forms with the mercury an amalgam 
which is crystalline. This crystalline mass is termed a silver tree 
{arbor Diance), 

Strips of the metals Zn, Fe, Sn, Sb, Pb may likewise be employed 
for the precipitation of metallic silver. 

These changes illustrate the action of the more electropositive 
metals upon solutions of less electropositive metals, induced by vol- 
taic electricity. They come under the third class of chemical changes, 
viz., di»pla>cement of one element by another element. 

Take a clear solution of one part of grape sugar and 6 — 8 parts 
of distilled water, and a somewhat dilute solution of argentic 
nitrate. Heat the latter in a test-tube, nearly to boiling, and add 
the grape sugar solution. The liquid becomes at once turbid, and a 
greyish- white powder of metallic silver falls to the bottom; or a 
yellowish- white metallic deposit forms on the sides of the test-tube 
whijch, on rubbing with a glass rod, shows bright streaks of metallic 
silver. The metallic silver can be filtered off and fused on charcoal, 
before the blowpipe, to a brilliant globule. 

The cause of the reduction of the argentic salt must evidently be 
sought for in the grape sugar. We have seen that argentic oxide 
loses its oxygen readily on ignition. Certain organic substances, such 
as grape sug^, fi>rmic acid, and aldehyde, are known to combine 

U 
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eagerly with oxygen, and the OAg2 (in two molecules of NOaAgo) 
parts with its oxygen and yields a deposit of metallic silver. 

This reaction has found an important practical application in the 
manufacture of looking-glasses, etc. 

The silver in the argentic nitrate is displaced by hydrogen from 
the organic bodies, nitric acid being left in solution, carbonic anhy- 
dride and water — the two ultimate products of oxidation of organic 
matter — being formed by the oxidation of the organic substances. 

Ignite a few crystals of argentic acetate, < Qr\\ o' "^ * covered 

porcelain crucible. Heat gently at first, and strongly, as soon as no 
more fumes are given off. A mass of frosted silver is lefh, having 
the shape of the original crystals. 

QUESTIONS AND EXERCISES. 

1. How is argentic nitrate prepared ? 

2. .Why do HCl, HI, etc., precipitate silver from its solutions ? 

3. What change takes place when silver ^fiance is roasted in a tube ? 

4. How is Ag separated from Pb in the dry way ? 

6. Write out the equations for the reactions of sUyer in the wet way. 

6. GKye the graphic formula for silver glance, dark red silver ore, prouslUe, and 

fahl ore. 

7. How much NaCl will be required to convert 1*6 grm. of KOjAgo into- 

Aga? 

8. A dilute solution of hydrochloric acid (containing *00866 grm. of the acid in 

one cubic centimetre of the solution) is precipitated with KO^Afo. 
How much AgCl by weight do we get from 150 c.c. of the acid som- 
tion? 

9. How much metallic copper is required to precipitate 1 grm. of argentic 

nitrate? 

{CSH 
COAffo' *^^ ^^^ 
much silver will be left, when '451 grm. of acetate is ignited P 

11. How is argentic nitrate converted into sulphate, and how much of the latter 

salt can be prepared from 10 grms. of argentic nitrate ? 

12. What change does AgCy undergo upon ignition P 



2. LE AD| Pb" and *^. — Occnrs in nature chiefly in combination 
with SULPHUR, as PbS", in galena; also as carbonate, in lead spar 
OP white lead ore, COPbo"; as sulphate, in lead vitriol, SOgPbo", in 
CO 



leadMlUte, |^^Pbo"Pbo", and in lanarhite, q^ Pbo"2; as oxtchlo- 

s5,?^' ' ' 



BIDE, inmendipite, PbCl2,2PbO or CI— Pb— O— Pb— O— Pb— CI ; as 
phosphate and oxtchloride, in pyromorphite, PaOaPbo"* (niPb" ). 

EXAMINATION IN THE DRY WAT. 

The principal blowpipe reaction consists in reducing lead com- 
pounds on charcoal to metallic lead, either by themselves, or in 
conjunction with sodio carbonate, or potassic cyanide, and in the 
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yellow incmstation of oxide whicli tliej yield, which disappears 
when heated in the oxidizing flame, imp^ing a blvs colonr to the 
flame. The change which takes place when galena is heated with 
sodic carbonate in a crucible, ont of contact with air, is expressed 
by the equation : — 

7PbS + 4CONao2 = 4Pb + SPbNas^ + SOaNao^ + 4C0a; 

Fusible slag. 

bnt when heated in contact with air, or in the presence of an 
oxidizing agent, such as saltpetre, the loss of lead in the slag is 
avoided, thns : — 

PbNasj H- 70 + CONaoa = Pb + 2SOaNao2 + CO2. 

When galena is roasted in a glass-tnbe open at both ends, it is 
converted into SOaPbo", PbO and SO2, thus : — 

(1) PbS + 04= SOaPbo". 

(2) PbS + 03 = PbO + SO2. 

With borax and microcosmic salt, lead compounds give in the 
outer flame a clear yellowish glass (owing* to the combination of the 
PbO with the boric or phosphoric acid, and formation of a sodic 
plumbic borate or phosphate), which is colourless when cold. 

All lead minerals, especially the antimonial siA^ho-sdlt^fhoula/ngeritej Sb2Pb8s, 
houmonitey Sb3Pbs"2(Cu2S"2)", jamesonitej Sb4S3Pbs"Pb8"2i and argentiferous 
galena^ contain more or less silver, as may be ascertained by carefully cupelling 
the metallic button on charcoal (comp. silver, page 95) . 

The presence of antimony, arsenic, and sulphur reveals itself, when these orei 
are heated on charcoal (garlic odour and fumes of AS2O3, or Sb203), or in a glass- 
tube open at both ends (white sublimate, fumes, and odour of SOj^. 

REACTIONS IN THE WET WAT. 

For the reactions of lead in the wet way we employ either A 

SOLUTION OP PLUMBIC NITRATE, JTQ^P^"> O^ acetate ( < QQp^^" > 

most other plumbic salts being insoluble in water. 

HCl (irronp-reasent), or soluble chlorides give, with a not too 
dilute solution of plumbic salts, a lieaA)y white precipitate of plumbic 
chloride, PbCl2, soluble in much cold water, readily in boiling 
water, from which the plumbic chloride crystallisses out, on cooling, 
in fine needles ; less soluble in solutions containing dilute hydro- 
chloric or nitric acid. Ammonia converts it into a basic salt, of the 
composition, PbHoCl (jpl/umbic chlorohydrate), — a white powder 
almost insoluble in water. 

NaHo or KHo precipitates plumbic hydrate, PbHo2, soluble in 
excess of the reagent, especially on heating. The PbHoj must be 
viewed as acting the part of a weak acid, on combining with the 
strong alkali base. 

AmHo precipitates a white basic salt, insoluble in excess. The 
precipitate forms only slowly in a solution of plumbic acetate. 

BHa precipitates black plumbic sulphide, PbS, from acid solu- 
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tious. If a large excess of hydrochloric acid be present, the pre- 

rPbCl 
cipitate is reddish hrovm, consisting of < S , {diplumhic suVphO' 

l^PbCl 
dichlonde). On diluting considerably with water, a black precipitate 
is obtained. 

SAnig, or soluble sulphides, precipitate likewise black PbS, in- 
soluble in dilute acids, alkalies, and alkaline sulphides. Plumbic 
' sulphide is soluble in hot dilute nitric acid, plumbic nitrate being 
formed, with separation of sulphur. Concentrated nitric acid con- 
verts it into S02Pbo" ; the oxidation extends to the sulphur, as well 
as to the lead. 

S02Ho2, and soluble sulphates, precipitate white plumbic sul- 
phate, S02Pbo", almost insoluble in water, especially in the presence 
of excess of dilute sulphuric acid ; insoluble also in cold dilute acids, 
soluble in boiling hydrochloric acid, from which plumbic chloride 
crystallizes out on cooling ; soluble in potassic hydrate, and, lastly, 
r^dily soluble in concentrated solutions of certain salts, such as 
Bodic hyposulphite, ammonic acetate or tartrate, in the presence of 
excess of ammonic hydrate, from which solutions SO2H02, SAm2, or 
Cr02Ko2, precipitate the lead again. Boiling with sodic carbonate 
converts S02Pbo" into insoluble COPbo". Plumbic sulphate sepa- 
rates from dilute aqueous solutions only on the addition of alcohol 
(methylated spirit). 

Cr02Ko2 precipitates yellow plumbie chroniate, Cr02Pbo" 
(chrome yellow\ readily soluble in potassic or sodic hydrate ; diffi- 
cultly soluble in dilute nitric acid, insoluble in acetic acid. 

CONao2, as well as COK02 and COAmo2, give a white precipitate 
of a basic carbonate (white lead), of varying composition, usually 
considered to contain two molecules of plumbic carbonate and one 

molecule of plumbic hydrate, viz., corOPbH^^^^ ' C^^^^^^**' 

dihydrate dicarbonate), insoluble in water and in potassic cyanide. 

KI gives a yellow precipitate of plumbic iodide, Fbl2, soluble 
in excess of the reagent ; also soluble in much hot water, from which 
it separates, on cooling, in beautiful golden yellow scales. 

KCy precipitates white plumbic cyanide, PbCy2, insoluble in 
excess, soluble in dilute nitric acid. 

Soluble piosphates, araenUes and arseniates, silicateSy borates, oxalates, tar- 
irates, citraieSyferrO' B,ndi ferricyanides give precipitates with plumbic salts, which 
are insoluble in water, but soluble in dilute nitric acid. These precipitates 
posses, howeyer, only a secondary interest. 

Metallic iron or zinc precipitates lead from its salts. This is seen yeiy 
strikingly on dissolving a few ounces of plumbic acetate {sugar of lead) in dis- 
tilled water, with the addition of a little acetic acid, and suspending in the 
solution a piece of zinc from a thread. The zinc becomes covered with a 
beautifal crystalline deposit of metallic lead, which increases rapidly, if the solu- 
tion be left imdisturbed, and acquires the appearance of a branch of a tree 
{arhor Satumt). The metallic structure can be preserved for days in unaltered 
beauty. On removing the precipitated lead from the piece of zinc, the latter is 
found much corroded and considerably diminished in size and weiglit. The lead 
may be collected on a filter and washed with water, dried and fused in a crucible. 
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under a covering of borax, to a bright metallic button. A quantity of zinc, 
atomically equivalent in weight to the precipitated lead (Le., 65 parts by weight 
of zinc for every 207 of lead) must have dissolved, and is found in the solution, 
in the form of zincic acet-ate. The atomic weights of Zn (65) and Pb (207) can 
be determined roughly, by weighing the metallic zinc, before and after immer- 
sion, as well as the precipitated lead. 

Heat a little red lead, Pb304,* in a small porcelain crucible or in a test-tube, 
to which a delivery-tube is attached. Oxygen gas is given off, which may be 
collected in the usual manner over water. The residue is dark yellow, and on 
cooling turns bright yeUow. It consists of plumbic oxide, PbO {litharge), 
according to the equation : — Pb304 = 3PbO + O. 

Treat a little Pb304 with dilute hydrocliloric acid in a test-tube, and heat 
gently. A greenish-yellow gas comes off, and the red lead dissolves to plumbic 
chloride. The gas is readily recognized, by its odour, as chlorine : — 

Fb304 + 8HC1 =^ SPbCla + CI2 + 4OH2. 

Treat another portion of red lead with dilute nitric acid. The red colour 
changes to brown — the colour of plumbic dioxide, Pb02> The reaction is ex- 
pressed by the equation : — 

Pb3Q4 + 4KO2H0 = 2jf Q^pi^" + PbOa + 2PH2. 

Lead can thuB combine either with one or two atoms of oxygen to form PbO 
or Pb02 ; it can exist in the dyad or tetrad condition (Pb" and Pb*^), and red 
lead is obviously composed of two oxides, of Pb''02 + 2Pb"0. The plumbic 
dioxide in red lead yields the oxygen. It is written graphically : — 

Pbf^Pbo'2 « Pb/ y^^ y^^ (Triplumbic tetroxide). 

The minerals plattnerite, Pb02, and minium, Pb304, represent the corre- 
sponding natural oxides. 

It is evident from the above experiments, that lead occurs more frequently in 
the dyad than in the tetrad condition. 

SO2H02 forms with Pb02 a sulphate, oxygen being given off. 

Pb02 absorbs sulphurous anhydride abundantly, forming S02Pbo". 

HCl liberates chlorine from plumbic dioxide. 

Minium, or red lead, and the brown plumbic dioxide are powerful oxidizing 
agents. They furnish us likewise with ready means for preparing chlorine gas. 

QUESTIONS AND EXERCISES. 

1. Calculate the percentage composition of plumbic acetate. 

2. How much o^gen by weight and by volume (at 0* C. and 760 mm.) can 

be obtained from 80 grms. of red leadf 

3. Write out the symbolic equations for the reactions of lead in the wet way. 

4. How can Pb be separated from Ag, in the wet way ? — 1st, by using hydro- 

chloric acid i 2nd, potassic cyanide ; 3rd, sulphuric acid, as a precipitant. 

5. Give graphic formulae for white lead, red lead, plumbic acetate, mendipite, 

plumbic chlorohydrate, plumbic nitrate and chromate, diplumbic sulpho- 
dichloride. 

6. How much HCl by weight wiU be required to decompose 10 grms. of red 

lead; and how much chlorine gas will be evolved — 1st, by weight; 2nd, by 
volume at 0° C. and 760 mm. pressure ? 

7. How would you separate Pb and Sb in type metal ? 

* The composition of commercial red lead is more correctly expressed by 
the formula PD40(. 
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8. DeBoribe how you would analyse an alloy of 5 parts of lead, 3 parts of tin, 

and 8 parts of bismuth, a BO-caUedJkatole allotf melting at 98° C. 

9. Calculate the percentage composition of Fb4Sb (type metal). 

3. MERCURY.— (Mercurostun) 'Hg',. 

NO 
We employ A solution of meecueous niteate, jTQ^Hggo". 

HCl (sroap-reasent), or soluble cblorides, give a white precipi- 
tate of mercuroiis eblbrlde, 'Hg'flCl2 (^calomel), wluch is insoluble in 
dilute acids and is blackened by KHo or AmHo, the latter con- 
verts it into 'Hg'20 and mercuroscmimonic chloride, NH2'Hg'2Cl. 
Mercurous is converted into mercuric chloride by the addition of 
chlorine water. Concentrated hydrochloric acid converts it, upon 
long-continued boiling, into HgCU and grey metallic mercury. 

Nitric acid oxidizes it readily into HgCl2 and jjQ^Hgo", with evo- 

tion of nitrous ^mes. Dry 'Hg'3Cl2 sublimes unchanged. 

NaHo or KHo gives a black precipitate of mercnrous oxide, 
'Hg'gO, insoluble in excess. 

AmHo produces a black precipitate of liasic dlmercurosanmioiile 
nitrate by the substitution of 'Hg'2 for 2 atoms of hydrogen in two 
of Amo, thus : — 

2gg»Hg^" + 4AinHo = N>Oa'Hg',o" [^»'Hg',0 J " 

Basic dimercurosammonic nitrate. 

+ 2N02Amo + SOHj. 

The precipitate is insoluble in excess. 

SH2 precipitates black mereuroiis gnlphide, 'Hg'2S, insoluble in 

excess or in dilute acids ; soluble in aqua regiai or in yellow potassic 

sulphide. When boiled with concentrated nitric acid, the second 

NO 
atom of mercury in 'Hg'2S is converted into j^^^H.go", and a white 

NO 
compound of mercuric nitrate and sulphide, j|.p.*Hgo",HgS, is 

formed. 

SAm2 produces the same black precipitate. 

A clean strip of metallic copper precipitates from mercurous 
solutions metallic mercury, cupric nitrate being lefb in solution. On 
gently rubbing the greyish deposit with a piece of wash-leather, the 
surface becomes bright and shining like silver. TTie more electro^ 
positive metals, Cu, Cd, Zn, Fe, Pb, Bi, jprecijpUate the less electro- 
jpositvve mstal Hg. 

SOHo2, S02Feo", or SnCl2 produces a grey precipitate of 
metallic mercury. On decanting the liquid and boiling the grey 
deposit with hydrochloric acid, distinct metallic globules are obtained. 
The changes may be expressed thus : — 

NO 

jJ^^Hgao" + SOHoa + OH2 = 2Hg + 2NO2H0 + SO,Hoa. 
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3^^^Hg2o" + eSOjFeo" = 6Hg + 2(S02)3Fe20^ + (N03)6Fe20^. 

J}^'Hg2o" + SnCla + 2HC1 = 2Hg + SnCl4 + 2NO3H0. 

Mercnrous salts act thus the part of oxidizing agents, when 
coining in contact with more powerful reducing agents : a property 
which in conjunction with the reducmg action which they exert under 
favourable circumstances, proves clearly that the double atom 'Hg'a 
possesses but little chemical affinity for other elements, and that the 
comjpounde which it forms are rather unstable. 

QUESTIONS AND EXERCISES. 

1. Write out the graphic formulsD of calomel^ mercurous nitrate^ mercurous 

oxide, mercurosammonic chloride, basic dimercurosaminoiiic nitrate. 

2. Write out equations for the reactions which mercurous compounds give in 

the wet way. 

3. How can mercurous chloride be conyerted into mercuric chloride? Qiye 

equations. 

4. How much calomel can be manufactured from 20 lb. of metallic mercnij ; 

and how much SO3H02 and NaCl by weight will be required ? 

5. Explain the action of metallic mercury upon mercurous nitrate. 

6. Wnat is the action of boiling nitric acid upon mercurous sulphide P 

7. In what manner can mercuric and mercurous chlorides be distinguished £rom 

each other by the reactions in the dry way ? 

8. State imder what conditions mercurous salts play the part of oxidizing, or 

that of reducing agents. 

A method of separating the metals of Group I will readily sug- 
gest itself, and a tabular analytical scheme may be drawn up without 
much difficulty, if we bear in mind : — 

1st. The sohibility of PbCl2 m hoiling water. 

2nd. The solubility of AgCl in Am Ho. 

3rd. The conversion of the HgaCl2 vnto black NHa'Hga'Cl by the 
actUm of Am Ho. 

Table I in the Analytical Tables at the iBnd of the book embodies 
this method of separation. 

PRACTICAL EXERCISES AND QUESTIONS ON aROUP I. 

1. Test a sample oi galena for silver in the dry way. 

2. Analyse a sample of ruhy silver in the dry and in the wet way. 

8. You have given to you some precipitated argentic chloride, dilute HCl, and 
a strip of metallic zinc. How would you prepare pure metallic silver? 

4. Analyse a solution, containing *010 grm. of Ag, as KO^Ago, *100 grm. of Hg, 

as K204Hg2o" and -010 grm. of Pb, as K204Pbo". 

5. Describe what takes place when a solution of argentic nitrate, containing 

about '010 grm. of Ag, is added to a hot saturated solution of KCl. 

6. You have given to you a mixture of red lead and calomel. What takes place 

when the mixture is treated with HCl ? 

7. Analyse a mixture (abouj} '050 grm.) of whUe arsenic and corrosive sublimate, 

both in the dry and wet way. 

8. Test a commercial sample of baric chloride for lead. 

9. Test a sample of white lead paint for impurities, insoluble in dilute nitric 

acid, and examine the acid filtarate bv the respective group-reagents. 
10. Prepare some pure KOgAgo firom an alloy of copper and silver. 
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Chapter VII. 
REACTIONS OF THE ACIDS. 

A. Inorganic Acids. 

CARBONIC ANHYDRIDE^ COs.— Occurs in the atmospliere 
and in mineral waters. In the combined state it forms a constituent 
of many minerals, called carbonates, which have for the most part 
been enumerated, in speaking of the natural compounds in which 
the different metals occur. 

REACTIONS IN THE DRY WAY. 

On ignition some carbonaies undergo changes, others remain 
unchanged. The carbonates of the fixed alkali metals are not de- 
composed by the strongest heat. The carbonates of all other metals 
are decomposed more or less readily into oxides (or metals), carbonic 
anhydride (and oxygen) being given off. Baric and strontic carbon- 
ates require the strongest white heat for their decomposition ; calcic 
carbonate requires a strong red heat. All the others are readily de- 
composed on heating. The evolved carbonic anhydride is a colour- 
less and almost odourless gas, heavier than air, and can be poured 
from one vessel into another. When poured or passed into a test- 
tube containing lime- or baryta- water, a white precipitate is ob- 
tained, owing to the combination of the carbonic anhydride with the 
caustic alkaline earthy bases. 

REACTIONS IN THE WET WAY. 

AH normal carbonates may be divided into — 

1st. Carbonates which are soluble in water, consisting of the 
carbonates of the alkali metals and possessing an alkaline 
reaction. 

2nd. Carbonates which are insoluble in water, a few of which are, 
however, soluble in carbonic anhydride, with formation of 
acid carbonates, such as the carbonates of Ba, Sr, Ca, Mg, 
Fe", Mn", but are reprecipitated on boiling. 

All carbonates are decomposed by dilute acids, — organic or 
mineral (with the exception of HCy and SH2). The decomposi- 
tion is marked by strong effervescence and evolution of CO2. (A 
few native carbonates, such as spathose iron ore, and dolomite, 
require the application of heat.) On passing the evolved gas into 
a solution of caustic lime or baryta, the carbonic anhydride becomes 
once more fixed, and the formation of a white precipitate (soluble in 
excess of the gas with formation of acid carbonates) confirms the 
presence of COa. 

Metallic sulphites, sulphides, and nitrites are likewise decomposed by dilute 
acids with evolution of a gas ; but the evolyed SO2) SH2, or If 2O3 gases are 
jeadily recognized by their characteristic odour or colour. In order to recognize 
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CO2 in the presence of SO2 or SHg, the gaseous mixture is first passed into a 
solution of an alkaline chromate mixed with an acid, or into bromine water, or s 
solution of a cupric or ferric salt, and then through lime- or baryta-water. 



QUESTIONS AND EXERCISES. 

1. How would you proye experimentally the presence of carbonic anhydride, 

Ist, in spring water ; 2nd, in atmospheric air ; 8rd, in white lead ; 4th, in 
coal gas? 

2. Classify all metaUic carbonates according to their respectiye deportment, 

1st, on ignition; 2nd, on treatment with water; 3rd, in contact with 
excess of CO2. Give examples. 

3. What change takes place when tartaric acid and hydrio potassic carbonate are 

mixed together ? 

4. Which is the most characteristic reaction for COj ? 

6. How would you recognize the presence of CO2 in a gaseous mixture, contain- 
ing SO2 and CO2, or SHo and CO2 ? 

6. How much CO2, by weight and by volume, can be obtained from 1'235 grm. 

of COCao"? 

7. What change takes place, 1st, when a current of CO2 is passed through cold 

water in which finely divided chalk is suspended; and 2nd, when the 
liquid is heated to boiHng, subsequent to the passing of the gas P 

8. Explain the occurrence of CO2 in mineral waters and in atmospheric air. 

9. Explain the effect of boiling upon most spring waters. 

10. What is the usual composition of boiler deposits, and how would you propose 
to prevent them ? (Comp. p. 17.) 



SULPHURIC ACID, SOaHoj. — This is one of the most 
powerful acids, for it is capable of displacing, in the wet way (with 
few exceptions), all other acids firom saline oomponnds. It forms 
with bases a series of very important salts, — the sulphates, most of 
which have already been enumerated in treating of the natural com- 
pounds of the various metals. 

REACTIONS IN THE DRY WAT. 

On heatiltg a sulphate on charcoal, in the redacing flame, 
together with OONaoa (free from sulphate), sodic sulphide is 
formed thus : — 

SOaMgo" -f 20 -f- CONao, = SNa^ + MgO -f SCO,. 

The fused mass gives off SH2, when treated with a strong 
acid (HOI), readily recognized by its odour. When placed on a 
bright silver coin and moistened with a drop of water, it produces a 
black stain of argentic sulphide. This reaction applies, however, to 
all sulphur acids, without exception, and it is impossible to prove 
thereby the presence of SOaHoa any more than that of some other 
(lower) oxide of sulphur. 

Heated by themselves, the sulphates of the fixed alkalies and 
alkaline earthy metals, as well as of lead, are not decomposed. All 
other sulphates become decomposed m(5re or less speedily on ignition. 
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giving off snlphnrio or snlphiirous anhydride and oxygen, according 
to the nature of the metal, e,g, : — 

2S02reo" = PejOs -f SOj -f SO2. 
SOaCuo" = CuO + SOa + O, 

BEAOTIONS m THE WET WAY. 

A SOLUTION OP POTASSic SULPHATE, SO2K02, may be employed. 

Snlphnric acid forms normal and acid srdphates, which are 
mostly soluble in water, the exceptions being baric, strontic, calcic, 
and plumbic sulphates. (A few basic sulphates are insoluble in 
water, but soluble in acids.) 

BaCl2 or N204Bao" gives a white finely divided precipitate of 
baric sulphate, S02Bao", insoluble in dilute acids. Care must be 
taken not to have too much free hydrochloric or nitric acid present, 
lest any of the baric salts be precipitated : baric chloride and nitrate 
being much less soluble in strong acids than in water. If a very 
dilute solution of a sulphate has to be precipitated, the solution 
should be heated to boiling, and allowed to stand for some time 
after the addition of the baric salt. 

This reaction distiagiuslieB SO2H02 from all other acids, except hydro- 
fluosilicic acid, 2HE,S1F4, and selenic acid, SeOaHos, which also form baric salts, 
insoluble in acids. 

Soluble salts of strontium, calcium, and lead produce white precipitates of 
strontic, calcic, and plumbic sulphates, which are more or less soluble in 
large quantities of water : SOgCao^' being the most soluble (in 500 parts of water), 
SOaSro" dissolving in 9,000 parts of water, and S02PbO" in 22,000 parts of 
water only. 

Since baric salts answer every purpose, recourse is rarely had to these 
reactions in order to detect sulphuric acid. The addition of alcohol (methylated 
spirit), ensiures the complete precipitation of strontic, calcic, and plumbic sul- 
phates. Most soluble sulphates can, in fact, be precipitated from their aqueous 
solutions by the addition of strong alcohol. 

In order to detect free sulphuric acid, by itself, or in the presence of a sulphate, 
the solution is evaporated to dryness on a water-bath, together with a little cane 
sugar. A blackened or charred residue indicates free sulphuric acid, as no other 
acid is capable of decomposing cane sugar in like manner. ^ 

An insohible sulphate can be decomposed by continued boiling 
with a concentrated solution of an alkaline carbonate: more readily, 
however, by fusion with alkaline carbonates (fusion mixture), into 
a soluble alkaline sulphate, and an insoluble carbonate or oxide of 
the metal, thus : — 

SOaBao" + CONaoKo = SOzNaoKo + COBao". 
SOjPbo" + CONaoKo = SO^NaoKo -f PbO + CO^. 

The fused mass is extracted with boiling water, and the insoluble 
carbonate or oxide separated by filtration &om the soluble alkaline 
sulphate. The residue is examined as usual for base, and the solu- 
tion for sulphuric acid, by acidulating with dilute hydrochloric acid 
(in order to destroy the excess of alkaline carbonates), and adding 
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baric chloride. Calcic sulphate dissolves in ammonic sulphate and 
excess of AmHo ; plumbic sulphate in ammonic acetate or tartrate, 
or in sodic hyposulphite. 

QUESTIONS AKD EXEEOISES. 

1. Classify all metaUic sulphates according to their solubility in water. 

2. How are metallic sulphates detected in the dry way P 

3. Explain the action of heat upon the different metallic sulphates. 

4. How is free sulphuric acid detected ? 

6. Describe shortly in what manner S02Bao'', SOaSro", SOjCao^', and 
S02Pbo" differ from each other with regard to their solubility in water, 
and their respeotiye deportment with various other solvents. 

6. How are insoluble sulphates examined qualitatively ? 

7. 1'648 grm. of a sample of soda-ash yielded *234 grm. of S02Bao'' ; what is 

the percentage of sodic sulphate in the ash P 



SULPHUROUS ACID^ SOHoj.— Obtained as gaseous an- 
hydride, SO2, whenever sulphur is burnt in air or oxygen, or when 
metallic sulphides (pyrites y blende, galena, etc.), are roasted with 
free access of air ; also by the partial deoxidation of sulphuric acid 
by means of metals, such as Cu, Hg, Ag, of charcoal and various 
organic bodies, of sulphur, etc. The gas is readily soluble in water, 
forming sulphurous acid, which combines with bases, and forms a 
series of salts, normal or acid, termed sulphites : compounds strongly 
characterized by the tendency which they exhibit to absorb oxygen 
and to become converted into sulphates. This property causes 
sulphurous acid, or metaUic sulphites, to be of considerable inte- 
rest. 

REACTIONS IN THE DRY WAY. 

Sulphurous anhydride is recognized by its characteristic odour, 
the odour of burning sulphur. It combines readily with metallic 
peroxides, such as Mn02, PbOj, with formation of manganous and 
plumbic sulphates. In order, therefore, to remove SO2 from a 
gaseous mixture, the latter is usually passed over PbOz. 

Many soHd sulphites are decomposed by heat into sulphates and 
sulphides, thus : — 

4SONao2 3: SSOjNaoa + SNaz. 

The earthy sulphites break up, on heating, into oxides and sul- 
phurous anhydride. 

REACTIONS IN THE WET WAY. 

A SOLUTION OP SODIC SULPHITE, SON'ao2, may be employed. 

Sulphites are examined by liberating sulphurous anhydride by 
means of strong sulphuric or hydrochloric acid, the gas being readily 
recognized by its characteristic pungent odour. 

The only sulphites soluble in water are the alkaline sulphites. 
Normal baric, strontic, calcic, and magnesic sulphites are insoluble 
in water, but are dissolved to a great extent, by a solution of sul- 
phurous acid, with formation of acid sulphites, from which the 
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normal salts are reprecipitated on boiling. They are also soluble in 
dilute hydrochloric acid (with partial decomposition) ; but on the 
addition of an oxidizing agent, such as chlorine water, free iodine, 
sodic hypochlorite, nitric acid, etc., they are immediately precipitated 
as insoluble sulphates (S02Mgo" excepted). 

Sulphites . generally contain sulphates. A precipitate consisting 
of baric sulphate is, therefore, frequently obtained on adding baric 
chloride to an acidulated solution of a soluble, or to a dilute hydro- 
chloric acid solution of an insoluble sulphite. 

On filtering off the precipitate, and adding chlorine water to 
the filtrate, a further precipitate is obtained, showing the presence 
of a sulphite. 

Traces of sulphurous acid are distinguished with difficulty by the odour alone, 
and it is preferable, therefore, to make use of the deoxidizing, as well as oxidizing 
action which the acid can exert. 

1. Sulphurous acid acts as a 'powerful reducing offent. 

VOiAgo gives with sodic sulphite a white precipitate of argentic sulphite, 
SOAgos, soluble in excess of the alkaline sulphite. The precipitate blacliens on 
heating, owing to the separation of metallic silyer, and oonyersion of the SOHos 
into SO2H02, according to the equation : — 

SOAgOs + OH2 = Ag2 + SO2H02. 
K204Hg2o'' produces 21, grey precipitate of metallic mercury, thus : — 

SOHg2o" + OHj = Hg2 + SO2H02. 

The instances of the reducing action of sulphurous acid are very numerous ; 
we need only refer here to its action upon solutions of AUCI3, Cr02Ho2, 
X'e2Cl6, and others, already noticed imder the respective metals. 

2. Under favourable circumstances sulphurous acid acts as an oxidizing agent, 
especially when brought in contact with other more powerful reducing agents, 
such as nascent hydrogen, SH2, S11CI2, etc. Thus, by introducing the least trace 
of SOH02, or a sulphite, into a flask, in which hydrogen is generated from zinc 
and hydrochloric acid, SH2 is immediately evolved, together with the hydrogen, 
and may be recognized by its odour and action upon lead paper. The change is 
expressed as follows : — 

SO2 + 8H3 » SH2 + 2OH2. 

SO2 and SH2 give rise to the formation of psntathionic acid, with precipi- 
tation of white sulphur, according to the equation : — 

f SO2H0 
6SO2 + 6SH2 « -^ S3 +85 + 4OH2. 

Pentathionic 
acid. 



Sulphurous acid added to stannous chloride in the presence of hydrochloric 
acid, gradually precipitates yellow S11S2. The hydrogen of the hydrochloric 
acid acts as the reducing agent, and is detached from the chlorine by the simul- 
taneous action of the S11CI2 and SO2, the one eager to combine with chlorine, 
the other capable of yielding oxygen to the hydrogen, to form water, and ulti- 
mately sulphur, to form SH2, which in its turn acts upon the stannic chloride, 
S11GI4, (or S11CI2) to form yellow stannic sulphide, S11S2 (or brown SnS). 
The following equations express the changes : — 

(1) SOH02 + 3S11CI2 + 6HC1 = 3S11CI4 + SH3 + 8OH2. 

(2) S11CI4 + 2SH2 » S11S2 + 4HC1. 

Yellow 
stannic sulphide. 
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QUESTIONS AND EXERCISES. 

1. Describe different methods of preparing sulphurous anhydride. 

2. How would you prepare normal and acid potassic sulphite ? 

3. What is the action of heat upon sulphites ? 

4. Which sulphites are soluble and which are insoluble in water ? 

5. G-ive illustrations of the reducing action of sulphurous acid or of soluble 

sulphites. 

6. Explain under what circumstances sulphurous acid can act as an oxidizing 

agent ; give instances of such action. 

7. How would you distinguish sulphurous in the presence of sulphuric acid ? 

8. What changes take place when a mixture of dipotassio dichromate and sodio 

sulphite is treated with concentrated HCl P G-iye equations. 

9. How would you fix the sulphurous acid produced by the combustion of car- 

bonic disulphide contained in coal gas P 



HYPOSULPHUROUS ACID, SSOH02 (sul^ho-sulphunc 
acid), — This acid has never been obtained in the free state. Com- 
bined with soda it forms an important salt, viz., sodic hyposulphite 
(the hypo of the photographer), obtained bv boiling a solution of 
sodic sulphite with sulphur, or by the oxidation of an alkaline per- 
sulphide in contact with the air. 

REACTIONS IN THE DRY WAY. 

All hyposulphites are decomposed on ignition. Alkaline hypo- 
sulphites leave a polysulphide and a sulphate, thus : — 

4{SSON'ao2) = SsNaa + SSOaNaog. 

Others yield sulphites or sulphates, with evolution of sulphurous 
^inhydride, owing to the oxidation of a portion of the sulphur. 

REACTIONS IN THE WET WAT. 

A SOLUTION OF SODIO HYPOSULPHITE, SSONao2, is employed. 

Most hyposulphites are soluble in water (baric hyposrJphite is 
difficultly soluble in cold water), and their solutions may, with few 
exceptions, be boiled without decomposition. Calcic hyposulphite 
is gradually decomposed on boiling, the precipitate consisting of 
calcic sulphate and sulphur. The same decomposition takes place 
more speedily when hyposulphites are treated with sulphuric or 
hydrochloric acid. Sulphurous anhydride is evolved with separa- 
tion of sulphur. The precipitated sulphur is yellow, and not white, 
as is usually the case, when sulphur separates in chemical reactions. 
This change characterizes hyposulphites. 

The same instability of the sulphur atom, occupying the place 
of an atom of oxygen in sulphuric acid, is observed, when hyposul- 
phites come in contact with salts, whose metals form with sulphur 
insoluble sulphides. 

NOaAgo gives a white precipitate of arnpentle hyposulphite, 
SSOAgOa, soluble in sodie hyposulphite, which speedily turns 
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yellow, then brown, and lastly black (SAg2), especially on the 
application of heat, thus : — SS0Ag02 -f OH3 = SAg2 + SO2H02. 

MercnrouB nitrate and plumbic acetate give similar precipitates, 
which are decomposed by heat into Hg2S or PbS, and sulphuric 
acid. 

SnCl2 gives a brown precipitate of SnS. 

Hyposulphites like sulphites are readily oxidized, but yield under 
certain conditions oxygen to more powerftil reducing agents, and 
become thus oxidizing agents. 

Free chlorine, Bodic hypochlorite, ferric chloride, etc., oxidize hyposulphites 
completely to sulphates, eyen in the cold, thus : — 

S90Nao2 + 4CI2 + 6OH3 = 2S02HoNao + 8HC1. 
SSONao2 4- 4ClNao + OH2 = 2S02HoNao + 4>NaCI. 

SSONaos gives with X'e2Gl6 at first a reddish -violet coloration (diffesbnob 
BBTWBBir SULPHITES AND HYPOSULPHITES), but on standing, the solution is 
slowly decolorized (more rapidly on heating), with formation of F0CI2, thus : — 

SSONaos •«- 4r«201<( + 5OH2 = 2S03HoNao + SFeda + SHQ. 

Nascent hydrogen reduces hyposulphites to sulphides, which evolve with the 
acid sulphuretted hydrogen : — 

SSONaoa + 4H2 + 2Ha = 2SH2 + 8OH3 + 2Naa. 

Sodic hyposulphite is a useful solvent for AgCl (hence its application in photo- 
graphy), VLf^iCii and SOaPbo". Calcic hyposulphite, SSOCao", has also found 
an interesting application, as an agent for removing the last traces of chlo- 
rine in the bleawiing of paper pulp, and from fabrics bleached by means 
of bleaching powder, to prevent their deterioration by the traces of chlorine 
which they are apt to retain. It has on that accoimt received the name of 
anticMor. The free hydrochloric acid which is formed in the reaction is 
neutralized by passing the fabrics through a weak alkaline bath. 

The property of sodic hyposulphite of dissolving AgCl has found an important 
metallurgical application in the removal of silver from poor argentiferous ores, 
after they have undergone the process of roasting with common salt, which con- 
verts the silver into ^Cl* insoluble in water. 

Besides the three oxygen acids of sulphur just described, there 

{SO Ho f ^^aHo 

SO*Ho» ^^'^^**^^^>. s S , tetra- 

r SO2H0 r SO2H0 

thionicA S2 and jpento^Aumic acwfe, < S3 , which occur but 

[ SO2H0 [ SO2H0 

rarely, and resemble one another considerably in then* reactions. 
Their consideration must be reserved for a more extensive course of 
study. 

QUESTIONS AIO) BXEECISES. 

1. How is sodic hyposulphite prepared ? 

2. How would you prepare ferrous, alumimo, chromic, and manganous hypo- 

sulphites r 

3. How are hyposulphites affected by ignition ? 

4. What change takes place, when a solution of calcic hyposulphite is boiled, 

Ist, by itself, 2nd, when it is treated with HCl ? 
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6. Explain the action of sodio hyposulphite upon plumbic, argentic, mercurous 
and stannous salts. 

6. Give instances, Ist, of the reducing action, and 2nd, of the oxidizing action 

of hyposulphites. 

7. Explain the term antichlor. 

8. State what application sodio hyposulphite has found in photography and in 

metallurgy. 

9. €Kve graphic formulse for sulphosulphuric, dithionic, trithionic, tetrathionic 

and pentathionic acids. 
10. How would you separate baric hyposulfdiite from baric sulphate P - 



HYDROSULPHURIC ACID^ SHj.-- Obtained as a colonr- 
less gas by the decomposition of certain metallic sulphides, such as 
PeS, ZnS, Sb2S3, by means of snlphnric or hydrochloric acid. It 
is characterized by a most foetid odour, resembling that of rotten 
eggs. It is absorbed by cold water, forming sulphuretted hydrogen 
water or hydrosulphuric acid, which reddens blue litmus-paper 
feebly. Hydrosulphuric acid exchanges its sulphur for the oxygen 
of most metallic oxides, both in tbe diy and wet way, forming water 
and metallic sulphides. It is on this account a most valuable re- 
agent. Many of the native sulphides, e.g., iron pyrites, galena, 
cinnabar, zinc blende, are met with in vast masses. 

REACTIONS IN THE DRY WAY. 

Metallic sulphides are acted upon in various ways, when sub- 
mitted to heat. Some are decomposed, when heated in a close vessel, 
into metal and sulphur, e.g., AU2S3; some sulphides, such as 
PtSa, PeSa, SbzSs, S11S2 PbS yield up a portion of their 
sulphur and are reduced to PtS, POaSi, SbaSa, SnS, PbgS ; 
others sublime without decomposition, such as AS2S3 (orpiment), 
HgS (cinnabar) . The greater number of metallic sulphides remain, 
however, undecomposed, when heated out of contact with atmo- 
spheric air. 

Most sulphides undergo a change, wben roasted in a tube open 
at both ends. SAg2 leaves metallic silver (usually also a little 
SOaAgOa), the sulphur by combining with oxygen, passes off as 
SO2 ; some sulphides leave a metallic oxide, e.g., SnS, SbaSs, 
BiaSs; others again, such as the sulphides of the alkalies and 
alkaline earthy metals, are converted into sulphates. Plumbic 
sulphide (galena) is converted into a mixture of oxide and sulphate ; 
cupric sulphide, when roasted at a high temperature, yields SO2 
and CuO ; at a lower temperature SOaCuo". PeS and other sul- 
phides of the iron group are partially converted into sulphates, 
which on the application of a stronger heat, lose their acid, leaving 
metaUic oxides. Many native metallic sulphides are distinguished 
for their metallic lustre, such as iron and copper pyrites, galena, grey 
a/ntvmony. The presence of a metallic sulphide cannot, however, be 
inferred conclusively from the evolution of SO2, since earthy sul- 
phites are broken up, on ignition, into oxides and sulphurous 
anhydride. 
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KEACTIONS IN THE WET WAY. 

Alkalims and alkaline earthy sulphides are soluble in water (OaS 
and MgS are only sparingly soluble). Dilnte hydrochloric acid 
decomposes them readily into metallic chlorides and SH2. All other 
sulphides are insoluble in water. Several of the latter, such as PeS, 
MnS, ZnS are decomposed by dilute hydrochloric acid with evolu- 
tion of sulphuretted hydrogen. Others require concentrated hydro- 
chloric acid, such as NiS, OoS (diflBcultly soluble), Sb2S3, 01182, 
PbS. Sulphides which are insoluble, or difl&cultly soluble, in concen- 
trated hydrochloric acid, such as 61283, OuS, SAg2, PbS, AS2S3, are 
decomposed by concentrated nitric acid ; they are generally oxidized 
into sulphates — at first with separation of sulphur which, by pro- 
longed digestion, is for the most part converted into sulphuric 
acid. Others, such as HgS, PtS2, AU2S3J (AS2S3) dissolve in aqua 
regia, or hydrochloric acid and potassic chlorate, with separation of 
sulphur and formation of SO2H02, and of a metallic chloride. On 
dissolving PbS, S11S2, Sb2S3 AS2S3, in concentrated nitric, instead 
of hydrochloric acid, they are converted principally into S02Pbo", 

SnOa, SbjOi, AS2O5. 

To detect SH2 (i/n an aqueous solution) or a soluble sulphide (a 
solution of SAm2 maybe conveniently employed), add a solution of a 
salt of cadmium, lead, or silver, which gives by double decomposition 
a characteristic precipitate of a metallic sulphide : fine yellow for 
cadmium, black for plumbic or argentic salts. 

To analyse a sulphide decomposable by hydrochloric acid, the 
evolved sulphuretted hydrogen gas is made to act upon lead paper 
or is passed through a solution of a plumbic salt. (Iron pyrites, 
FeS2, and copper pyrites, OU2S,Pe2S3, give off SH2 only in the 
presence of hydrochloric acid and zinc. 

Sulphides which a/re not decomposed by hydrochloric add, yield 
sulphur on treatment with nitric acid or aqua regia, and must be 
recognized by this and the products of decomposition, such as 
S11O2, S02Pbo", as well as the reactions which they give, when 
examined in the dry way. 

Many native snlpfaides, such as fahl ore, etc,, are expeditiously examined by 
heating the finely-powdered mineral in a hard glass tube, in a current of dry 
chlorine gas, when the metals are converted into chlorides and the sulphur into 
volatile chloride of sulphur, which is decomposed on being passed into water. 

To detect a soluble sulphide in the presence of free SH2, add a few drops of a 
solution of sodic nitroprusside. This reagent does not affect free SH2, but gives 
a fine purple colour with the merest traces of soluble sulphides. The colour dis- 
appears only after some time. 

A mixture containing a soluble alkaline sulphide^ hyposulphitey sulphite^ or 
sulphate may be examined by adding COCdo" to the aqueous solution. Filter, 
dissolve the excess of COCdo" in the precipitate by means of dilute acetic acid j 
a residue ofvellow CdS indicates the presence of an alkab'ne sulphide. Add to 
the filtrate IBaCl2 ; a precipitate is obtained, consisting of S02Bao'' and SOBao''. 
Filter off ; digest the precipitate with dilute hydrochloric acid, and filter. A 
white residue shows the presence of an alkaline sulphate. Add chlorine water to 
the filtrate ; a precipitate of SOsBao'^ indicates the presence of 'an alkaline sul- 
phite. The filtrate m)m the BaCl2 precipitate is searched for SSOH02 by the 
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addition of HOI and boiling. A yellow precipitate of sulphur and the odour of 
SO2 indicate the presence of a hyposulphite. 

To remove SHj from a gaseous mixture of OO2 and SHj, add a solution of 
cupric chloride and shake up with the gases. 

QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when hydrosulphuric acid is passed 

through saUne solutions, the metals of which form insoluble sulphides. 
Give instances. 

2. Explain the action of heat upon the different metallic sulphides. 

3. Which sulphides are soluble and which are insoluble in water ? 

4. Explain how certain sulphides are affected bj dilute hydrochloric acid, and 

how by concentrated hydrochloric acid. Give characteristic instances, 
and express the changes by equations. 
6. Describe the most delicate reaction for gaseous SHj. 

6. What is the action of nitric acid upon ZnS, PbS, OaS, SnS, SbjSs ? 

7. How would you prove the presence of an alkaline sulphide, hyposulphite, 

sulphite, and sulphate in an aqueous solution ? 

8. State how you would separate SH. and OO2 contained in a gaseous mixture. 

9. How can you prove the presence of SH2 in coal gas P 

10. 10 litres of unpurified coal gas yielded *235 grm. of OdS. What is the 

percentage of SH2 in the gas ? 

11. *650 grm. 01 galena gave '532 grm. of S02Pbo". What is the percentage of 

Fb and of S in the galena ? 

12. What change takes place when PtS2, Sb2S5, FeS2, Am^z^ and Bg^S are 

heated with exclusion of air ? 

13. How would you test for SH2 in sewer gases ? 

14. 'How would you detect sulphur in pig iron ? 

15. Explain the action of chlorine, bromine, and iodine upon SH2 P 

16. How is sulphur detected in organic compoimds, such as coal P 



NITRIC ACID^ NOgHo.— Obtained as a colourless, highly 
corrosive, volatile liquid, of a deep yellow colour when it is mixed 
with nitrous acid. It is characterized by the facility with which 
it parts with its oxygen, and it is this property of which we avail 
ourselves invariably, when nitric acid or a nitrate has to be detected. 

EEACTIONS IN THE DRY WAT. 

Most nitrates fuse readily when heated. All are decomposed 
when exposed by themselves to a high temperature. The decomposi- 
tion varies with the nature of the base ; a lower oxide of nitrogen 
and oxygen being generally given oflP. Thus ammonic nitrate, 
NOjjAmo, breaks up into ON2 and OH2 ; potassic or sodic nitrate 
into nitrite (always contaminated, however, with nitrate and caustic 
alkali) with liberation of oxygen, and ultimately into oxide— -nitro- 
gen and oxygen being given off ; others, such as plumbic nitrate, 
into O and NjOi, leaving the oxide of the metal. When heated 
together with bodies eager to take up oxygen, such as carbon (char- 
coal, alkaline cyanides, etc.), sulphur or phosphorus, the decompo- 
sition becomes explosively violent, and nitrogen gas only is left as 
the remnant of the molecule N2O6. (Chlorates explode in like 
manner, but leave metallic chlorides.) 



114 NITRIC Aom. 

REACTIONS IN THE WET WAY. 

With the exception of a few basic salts, nitrates are readily- 
soluble in water; hence nitric acid cannot be tested in the usual 
way, by producing precipitates by way of double decomposition. 
When acted upon by various reducing agents, the deoxidation of 
the acid may be partial (accompanied by the evolution of lower 
oxides of nitrogen), or comjplete (nitrogen only being left) ; in which 
case the nascent nitrogen is capable of combining with hydrogen in 
the nascent state to form ammonia. 

1st. Reactions in which nitric acid is reduced to lower oxides of 
nitrogen, 

A SOLUTION OP NITRIC ACID OR OP POTASSIO NITRATE, NOgKo, may 

be employed. 

NO2H0 (or NO2K0) is decomposed when heated with concen- 
trated hydrochloric acid (or a chloride when heated with nitric 
acid). Chloronitric gas, W2O2CI4, is evolved, and the Hquid acquires 
the power of dissolving gold-leaf or platinum foil, which are not 
soluble in single acids. (Chlorates, bromates, iodates, chromates, 
and permanganates evolve chlorine when treated with hydrochloric 
acid ; they dissolve gold or platinum, but give off no N2O2.) 

Add to a dilute solution of ferrous sulphate cautiously its own 
volume of concentrated sulphuric acid (free from nitric acid), and 
allow the mixture to cool ; then add gradually a solution contain- 
ing a nitrate. A ring is seen to form at the point of contact of the 
two layers, of a violet, red, or dark brown colour, according to 
the quantity of the nitrate present. The coloration is increased by 
carefully shaking up the fluid, but it disappears on heating. This 
is owing to the formation of a transient compound of the ferrous 
salt with N2O2, consisting of four molecules of the salt with one 
molecule of nitric oxide (4S02Feo", N2O2). The other three atoms 
of oxygen from two molecules of nitric acid oxidize six molecules of 
ferrous into three molecules of ferric sulphate, S306Fe20^. This con^ 
stitutes one of the most delicate reactions for nitric acid. The change 
may be expressed thus : — 

lOSOzFeo" + 3SO2H02 + 2NO2H0 = SSsOeFejo^ 
+ 4S02Feo",N202 + 4OH2. 

A solution of a nitrate, when added to a solution of indigo in sulphuric acid 
(sulphindigotic acid), changes the blue colour of the indigo to yellow. (Free 
chlorine and other oxidizing agents bleach indigo likewise.) 

MetalHc copper (Ag, Zn, Pb, or Hg) is dissolved by nitric acid 
with evolution of ruddy fumes, and by potassic nitrate on the addi- 
tion of sulphuric acid. 

A similar reaction takes place, when copper filings are mixed with a nitrate 
and hydric potassic sulphate and fused in a test-tube or crucible. 

Minute quantities of nitrates found in mineral waters, in rain 
water, or water draining from arable land, may be detected by first 
reducing the nitrate to nitrite. This is effected by heating the solu- 
tion for some time with a little zinc amalgam. On filtering and 
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adding to the filtrate a solntion of ferrons salt, a dark brown colora- 
tion is obtained ; or by adding a drop of a solution of potassic iodide, 
some freshly prepared cold starch solution, and a little acetic (or very 
dilute sulphuric) acid, a fine blue precipitate of iodide of starch is 
produced, thus : — 

2NOKo + 2KI + 2SOj|Ho2 = NaOa + 2SOaKo3 + la + 20Ha 

This reaction is exceedingly delicate. 

2nd. JBsactions m which nitric acid is entirely reduced^ and its 
nitrogen corwerted into a/m/monia. 

All nitrates when fased with caustic potassa, lime, or soda-lime, 
and some non-nitrogenous organic substance, such as sugar or starch, 
evolve ammonia, thus: — 

6NO2K0 + I8KH0 + CiaHaaOn = 12C0K0a + GNHj + llOHj. 

Sugar. 

The gas may be readily recognized by its odour, or action upon 
red litmus paper. 

Nascent hydrogen, produced by the action of KHo upon metallic 
zinc, iron, or aluminium, gives rise, in the presence of a nitrate, to 
the formation of ammonia, thus : — 

(1) Zn + 2KHo = ZnKog + Hj. 

(2) NO,Ko + 4H8 = NHs + KHo + 20H8. 

When stannous chloride, hydrochloric acid, and a nitrate are 
heated together, the tendency of the stannous chloride to combine 
with two more atoms of chlorine to form stannic chloride, aided by 
the oxidizing action of nitric acid upon the hydrogen, breaks up 
hydrochloric acid, with formation of stannic chloride and ammonia, 
thus : — 

4SnCl, + NO,Ko + lOHCl = ^SnCU + NH4CI + KCl + 30Ha. 

To detect free nitric acid in the presence of a nitrate, evaporate the solution 
on a -water-bath -with quill cuttings or white -woollen fabrics. Nitric acid colours 
these substances yellow. Or digest the solution at a gentle heat -with OOBao' j 
filter off and test the filtrate for barium by means of sulphuric add. 

QUESTIONS AND EXERCISES. 

1. Explain what changes take place when nitrates are heated by themselyes. 

2. State what action t^s place when ferrous, cuprous, and mercurous chlorides 

are heated with nitric acid. 

3. Why can the metals Gu, Pb, Ag, be employed for the detection of nitric acid 

or a nitrate? 

4. Explain what changes take place when a solution of potassic nitrite, potassic 

iodide, starch, and dilute sulphuric acid are mixed together. 

5. How can ammonia be obtained from a nitrate ? Describe several processes. 

6. How would you test for nitrates in a soil, in sewage water, in mineral 

waters? 

7. How much ferrous sulphate (SOHo2Eeo" + 6aq.) is required for the complete 

decomposition of 1 grm. of pure potassic nitrate ? 

I 2 
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8. Calculate how much nitre is required to deflagrate, let, 1*5 grm. of sugar, and 

2nd, '5 grm. of sulphur. 

9. How is free nitric acid detected in the presence of a nitrate ? 



NITROUS ACID, NOHo. — Both the acid and anhydride are 
marked by their proneness to nndergo decomposition in the presence 
of water, into nitric acid and nitric oxide. 

EEACTIONS IN THE DET WAT. 

Nitrites fuse and are decomposed on ignition into oxides, with 
evolution of nitrogen and oxygen. Ammonic nitrite (NOAmo) 
breaks up when heated, into nitrogen and water. Mixed with 
carbon, potassic cyanide, sulphur, and other oxidizable bodies, 
nitiites deflagrate like nitrates, with which they have, in fact, most 
of the dry reactions in common. 

EEACTIONS IN THE WET WAT. 

All nitrites are soluble in water ; argentic nitrite, NOAgo, is 
difficultly soluble, and serves for the preparation of pure nitrites, by 
double decomposition with neutral soluble chlorides. Dilute acids 
liberate N2O2 and convert a portion of the nitrite into nitrate, 
thus : — 

3NOKo + SO2H02 = N,Oa + NO2K0 + S02Koa + OH2. 

The reactions by which the presence of nitrous acid can be 
readily recognized, may be divided into two classes : — 

1st. JReactions in which the add acts as a/n, oxidizing agent : — 



[3 decomposes aqueous solutions of alkaline nitrites, with formation of 
If 3O2 (of ITH3 when the reaction goes on for some time) and alkaline sulphides, 
thus : — 

2irOKo + 2SH2 » If 2O2 + 2OH2 + S3K2. 

In acid solutions the decomposition is accompanied by a copious separation 
of sulphur. 

FeClj, on the addition of a little hydrochloric acid, is turned dark brown, if 
a nitrite be present, owing to the absorption of If 36^ gas by a portion of the 
unoxidized ferrous salt. On the appUcation of heat If 3O3 is evolved, thus : — 

2FeCl3 + 4HC1 + 21f OKo « FeaCle + 2K:a + lf302 + 2OH3. 

If 0(iNH40) breaks up, on the application of heat, into N and OII3, the hydro- 
gen of the If H4 acting as the reducing agent. Nitrites containing fixed bases are 
decomposed in like manner, on the addition of ammonic choride (or some other 
ammonic salt), thus : — 

OOAmo3 + 21f OKo = ^4 + 4OH3 + 00X03. 

KI and starcli solution sive in the presence of a nitrite and a dilute acid blue 
iodide of starch. (See under HI, p. 128). 

2nd. Siea>ctions in which the add acts as a reducing agent, and is 
converted into nitric acid, thus : — 

aWOHo + O, = 21f O3H0, 
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A11GI3 and Bgr2Cl3 give metallic gold and grey metallio mercury. 

it j^jiQ (QXjoi o^d^^'^ nitrites into nitrates in the presence of a mineral 

acid (SO3H02, HGl), and the permanganate solution is rapidly decolorized. 

Or305Ko2 is reduced under similar conditions to a chromic salt. Nitrates 
are not affected by potassic permanganate or alkaline chromates. 

PbOs converts MOHo into ITO3H0 ; but does not act upon dilute If O3H0 
(distinction bbtwben nitbotjs and nitric acid). 

QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when IT 2^4 ^ acted upon by KHo. 

2. Explain what takes place when nitrites are heated, 1st, by themseiYes ; 2nd, 

in contact with carbon or sulphur. 

3. How can ITOKo be separated from ITO2K0 ? 

4. What is the action of dilute sulphuric acid upon If OKo ? 

5. G-ive instances, 1st, of the oxidizing, and 2nd, of the reducing action of 

If OHo ; and express the changes by equations. 

6. What are the products of decomposition of strongly ignited If 304Fbo'', 

If 0(NH40), and If OKo ? 

7. How can a trace of a nitrite be detected in the presence of a nitrate ? 

8. Explain the action of concentrated If O2H0, 1st, upon starch, 2nd, upon 

A1S2O3. 

IfO 

9. How would you prepare pure j»f)Cao" ? 

Sf O 

10. Explain the action of heat upon a solution of WQ^^' '"^^ AmCl. 



HYDROCHLORIC ACID^ HCL— Gaseons hydrochloric 
acid is readily absorbed by water, and forms then one of the most 
useful acids. Chlorides are among the most important chemical 
compounds. They differ considerably in their physical properties. 

REACTIONS IN THE DRY WAY. 

Some chlorides are liquid and can be distilled without decom- 
position, such as SnCl4, SbCls; SbCla is a soft grey crystalline 
fusible solid which distils at 225° C. ; others are soHd, fasible and 
non- volatile at a moderate heat, such as AgCl, PbCU, BaCU, NaOl. 
Upon ignition certain chlorides, such as AUCI3, PtCU, are decom- 
posed with evolution of chlorine gas, first into AuCl, and PtCl2, 
which are almost insoluble in water, and finally into Au and Pt; 
Magnesic chloride is decomposed by heat in the presence of water 
into MgO and 2HC1, Anhydrous ferric chloride, when heated in 
contact with air, is decomposed into FeaOa and 3OI2, 

Heated in a bead of microcosmic salt, saturated with cuprio 
oxide, chlorides impart a blue colour to the outer fla/me, owing to t^ 
formation of volatile CT1CI2. 

When a dry chloride is mixed with dipotassic dicb^mate and 
concentrated sulphuric acid, and gently heated in a small retort, a 
de&p hrownish-red gas, called chloroctaromlc acid, Cr02Cl2, comes off, 
which condenses to a like coloured liquid and can be collected in a 
receiver. The reaction which takes place is expressed by the 
equation : — 
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4NaCl + CraOjKoa + SSOaHoa = 20rOaCla + 2SOJ6faoa 

Ghlorochromio acid. 

+ SOaKoa + 30Ha. 

This liqnid is speedily decomposed, on dilution with water, into 
chromic and hydrochloric acids, thus : — 

CrOaCla + 2OH2 = CrOaHoa + 2HC1 ; 

or by aqueous ammonia or potassic hydrate into the corresponding 
salts. The presence of chromic acid, and indirectly of hydrochloric 
acid, is inferred from the yellow precipitate which a plumbic salt 
produces with their solutions. This reaction is employed for re- 
cognizing chlorides m the presence of bronddes. The latter yield 
bromine when treated similarly. 

REACTIONS IN THE WET WAT. 

A SOLUTION OF soDic CHLORIDE is employed. 

All chlorides may be divided into : — 

1st. Chlorides insoluble i/n water , such as AgCl and HgaCla, 
which are quite insoluble ; PbCla which is difficultly soluble in 
cold, readily soluble in boiling water ; and CUaCla, AuCl and PtCla, 
which are almost insoluble in water. 

2nd. Chlorides which are soluble in water, comprising all other 
chlorides. 

In order to ascertain the presence of a soluble chloride or of 
hydrochloric acid, we have merely to add a soluble argentic, mer- 
curous or plumbic salt, when a white precipitate is produced. The 
first of these salts answers eyeiy purpose, and is therefore inwiably 
employed to detect hydrochloric acid. 

NOaAgo gives a white cwrdy precipitate of argentic diloride, AgCl, 
especially from a solution acidulated with dilute nitric acid. The 
precipitate turns violet on exposure to light. It is insoluble in 
dilute nitric acid; soluble in amnionic hydrate, but is reprecipitated 
unchanged, on the addition of nitric acid ; it is likewise soluble in 
potassic cyanide and sodic hyposulphite ; soluble to a considerable 
extent in alkaline chlorides, from which AgCl is reprecipitated on 
dilution. Argentic chloride fuses without undergoing decomposi- 
tion, to a horn-like mass, called homsiher, when gently heated. 

Chlorides are detected also by heating with a Httle black man- 
ganic oxide and concentrated sulphuric acid, when chlorine is 
evolved according to the equation : — 

MnOa + 2NaCl + 2SOaHoa = Cla + SOaMno" -f SOaNaOa 

+ 20Ha. 

This gas is readily recognized by its characteristic odour and 
bleaching properties, its yellowish-green colour and its action upon 
iodized starch paper, or upon a dilute solution of potassic iodide and 
ireshly prepared starch solution, giving rise to the formation of blue 
iodide of sta/rch. 
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Concentrated snlphnric acid liberates gaseous hydrochloric acid 
from chlorides, thus : — 

2Na01 + SOJBEoa = SOaNao, + 2HC1 

HgCla, HfeCl,, AgCl, PbCl,, SnCU, and SnCU, are decom- 
posed, with difl&culty only, or not at all, by concentrated sulphuric 
acid. 

In order to effect the decomposition of insoluble chlorides, such 
as AgCl, HgaCI^, and PbClj, they are mixed with fusion mixture 
perfectly free from alkaline chlorides and fused in a porcelain 
crucible. The chlorine is thereby transferred to the alkali metals, 
and may be readily detected by means of argentic nitrate in the 
aqueous extract, after acidulating with dilute nitric acid. 

Traces oijree HCl, in the presence of a soluble chloride, are best detected by 
gently heating with K11O3 or PbOj, and passing the evolyed chlorine into a 
solution of potassic iodide and starch. The chlorine liberates iodine (2£I + 
Clj ■» 2EC1 + I2) which forms with the starch blue iodide of starch. 

QUESTIONS AND EXEECISES. 

1. How are the several solid chlorides acted upon bj heatP 

2. How is chlorochromic acid prepared ? 

3. Classify all chlorides according to their solubility in water. 

4. Describe the most characteristic tests for chlorine, as well as for hydrochloric 

acid or chlorides. 

5. How are insoluble chlorides examined ? 

6. How would you detect firee HCl^ in the presence of a metallic chloride ? 

7. Explain the action of distilled water, of chlorine water, ammonic hydrate, 

Stassic cyanide, sodio hyposulphite, and sulphuric acid upon AgOl, 
:gp20l2, and PbOl2. 

8. You have given to you 100 c.c. of a liquid containing free HCl and a solu- 

tion of sodic chloride. 50 c.c. of the liquid gave 2*345 grms. of AsCL 
After eyaporation and ignition of the other 50 c.c. the residue yielded on 
precipitation with argentic nitrate 1*596 grm. of AgOl, What is the per- 
centage of HCl and of sodic chloride in the liquid r 



CHLORIC ACID^ < q^^ . — Obtained, in combination with 

calcium, by passing chlorine through a solution of calcic hydrate 
and potassic carbonate to complete saturation. To a concentrated 
solution of the calcic chlorate, formed according to the equation : — 

. fOCl 



6CaHo2 4- 6CI2 = 



< 



^ QCao" 4- SCaCla 4- eOH,, 
001 



add a solution of potassic chloride, when calcic chloride and potassic 

chlorate, < ^-^ , are formed by double decomposition. Potassic 

chlorate, being little soluble in cold water, and still less so in a 
solution of calcic chloride, crystallises out, and is washed with cold 
water and purified by recrystedlisation. 
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REACTIONS IN THE DRY WAY. 

All chlorates are decomposed by heat ; they fuse and evolve 
oxygen, or a mixture of chlorine and oxygen, according to the 
greater or less affinity of the metal for oxygen or chlorine, leaving a 
residue, consisting of a metallic chloride, oxychloride, or oxide. 

On heating a ^w crystals of potassic chlorate in a test-tube, the 
presence of oxygen can be shown by introducing a glowing splinter 
of wood into the test-tube. On dissolving the fused mass in water, 
and adding a drop of argentic nitrate, a white curdy precipitate is 
obtained, whilst a solution of a pure chlorate (unignited) gives no 
precipitate. 

Chlorates part with their oxygen far more readily, upon ignition, 
than nitrates. When mixed with oxidizable substances, such as 0, 
S, P, or KCy, they explode violently, even when gently rubbed 
together in a mortar, or when moistened with a drop of concen- 
trated sulphuric acid. Care should, therefore, be taken to powder, 
or heat together, only very small quantities of a chlorate and organic 
substances. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF POTASSIC CHLORATE may be employed. 

All chlorates are soluble in water. In order, therefore, to detect 
chlorates, we avail ourselves of their powerful oxidizing action, and 
their leaving for the most part a chloride on ignition. Strong 
hydrochloric and sulphuric acids decompose chlorates, with evolution 
of chlorine and formation of lower oxides of chlorine. 

Concentrated sulphuric acid decomposes potassic chlorate even 
in the cold, a greenish-yellow gas, called chloric iieroxlde, OiCls, 
comes off, which is recognized by its suffocating odour. On the 
application of heat (especially on operating with somewhat large 
quantities) violent explosions occur. A few small crystals only of the 
chlorate should, therefore, be employed, and the test-tube should be 
held with its mouth turned away from the operator. The change 
may be expressed by the equation ; — 

3 i J;^^^ + 2S02Hoa = 2SO,HoKo + <^ + < O, + OH,. 
^"^^ [OKo LOCI 

Potassic Chloric 
perchlorate. peroxide. 

HCl, especially when heated, decomposes potassic chlorate, 
giving off a mixture of chloric peroxide and free chlorine, called 
euchlorine, thus : — 

^{oKo + ^^^^^ = 3<^ O2 -♦- 9CI2 + 8KC1 + 120H,. 

A solution of indigo (sulphindigotic acid) is decolorized on the 
addition of a solution of a chlorate and a little sulphuric add, by a 
reaction analogous to that produced by free nitric acid. 

Perchlorates are more stable than chlorates. Concentrated sul- 
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phuric acid fails to decompose perchloric acid in the cold and with 
difficulty only on heating. (Distinction from chloric acid.) Hydro- 
chloric, nitric, and sulphurous acids do not decompose aqueous 
solutions of perchlorates, nor is indigo solution decolorized. All 
perchlorates are soluble in water, most of them freely. Potassic 
perchlorate is sparingly soluble in water, insoluble in alcohol. 

In order to distinguish a nitrate from a chlorate^ disBolve a small portion of 
the two salts in water, and add a few drops of argentic nitrate to make sure that 
no chloride is present. Ignite another portion strongly till the evolution of 
oxygen ceases ; allow to cool, and dissolve out with hot water. To one portion of 
the solution add a few drops of dilute nitric acid, and then argentic nitrate. A 
white curdy precipitate incUcates the presence of a chloride, and, indirectly, of a 
chlorate. To the other portion of the solution add potassic iodide and starch 
solution, and then a few drops of acetic acid ; a hlue coloration of iodide of starch 
proves the presence of a nitrite, derived from the potassic nitrate. 

If a chloride he present^ as well cm a chlorate and nitrate, a solution of argentic 
sulphate must he added to the solution, as long as a precipitate comes down. The 
AgOl is filtered off, and the filtrate evaporated to dryness, with the addition of a 
little pure sodic carhonate, and the residue strongly i^ted. The dry mass is 
extracted with a little hoiling water, filtered, and argentic nitrate added to a por- 
tion of the acidulated (ITO2H0) solution, as long as a precipitate comes down. 
The remaining portion is tested for nitric acid, either hy the iodide of starch 
reaction, or hy means of a ferrous salt and sulphuric acid. 

QUESTIONS AND EXERCISES. 

1. State hriefly how potassic chlorate is prepared. 

2. Descrihe the changes which potassic chlorate undergoes on ignition. 

3. Explain the action — 1st, of concentrated sulphuric acid ; 2nd, of concentrated 

hydrochloric acid upon potassic chlorate. Give equations. 

4. How can a chlorate he detected in the presence of a chloride P 

5. How can a nitrate and a chloride he recognized in the presence of a 

chlorate ? 

6. Introduce some strips of metallic copper into a mixture of potassic chlorate, 

arsenious acid and hydrochloric acid, and explain why no precipitate of 
metallic arsenic is obtained on the copper. 



HYPOOHLOROUS AOID, ClHo.— The salts which this 
acid forms possess considerable interest, on account of the powerful 
bleaching action which they exert in the presence of acids. Of im- 
portance are the sodic and calcic hypochlorites, which are obtained 
along with the corresponding chlorides, by passing chlorine through 
a solution of the carbouates or hydrates. An important compound 
closely related to the hypochlorites is the calcic chlorohypochlorite, 
commonly called chloride of lime or bleaching jpowder,* which appears 
to be formed according to the equation : — 

CaHoa + CI2 = Ca(OCl)Cl + OH2. 

Hypochlorites are gradually decomposed on exposure to air 
(owing probably to the action of the carbonic anhydride contained 

• The actual composition of this important body is usually expressed by the 
formula : — 0a(0Cl)Gl,0a0,2OH2, requiring 32*42 p.c. of chlorine, more accu- 
rately, however, by that of Oa(OCl)01,OaHo2, which requires 85'32 p.c. of 
chlorine. 
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in air). Dilute acids liberate cUorine, and it is on this aoconnt 
tliat hypochlorites are of snch great valne as disinfectcmte imd 
hlecbchmg agents, 

EEACTIONS IN THE DRY WAY. 

Hypochlorites are converted into chlorates (which give off oxygen 
when ignited), and chlorides, thus :— 



6Ca(0Cl)Cl = 



OCl 

r ^Cao" + SCaCl,. 
OCl 



REACTIONS IN THE WET WAY. 

We employ a solution op calcic or sodic hypochlorite, 
ClNao. 

All hypochlorites are soluhle m water. Their aqneons solutions 
bleach vegetable colours. On heating or evaporating dilute solu- 
tions of hypochlorites, they are decomposed into chlorides and 
chlorates, concentrated solutions into chlorides and oxygen. Dilute 
hydrochloric acid decomposes them with evolution of chlorine. 
(Distinction between hypochlorites and chlorates.) Hypochlo- 
rites yield oxygen to readily oxidizable substances, and become 
converted into chlorides ; the detection of hypochlorous acid is 
based upon the various processes of o2ddation to which its salts can 
give rise, thus :— 

A82O3 is oxidized to A82O5. 

MnCl, „ „ MnOz. 

PbO „ „ PbO^. 

PbS „ „ SOaPbo". 

{SoSo :: :: 200. + oh,. 

Indigo or litmus is readily decolorized. 

QUESTIONS AND EXEECTSES. 

1. Give the graphic formula for calcic chlorohypochlorite. 

2. GKve illustrations of the oxidizing action of hypochlorites. Express the 

changes by equations. 

3. How is ble€uSUnff powder prepared P 

4. Explain the bleadliing action of an aqueous solution of a hypochlorite. 

5. What change takea place — 1st, when a hypochlorite is ignited by itself; 

2ndly, when a concentrated solution of a hypochlorite is boiled ? 

6. Explain the deodorizing action of hypochlorites when brought in contact with 

SH2, SAmj, PH3, WHs. 

7. How can a hypochlorite be distinguished in the presence of a chloride ? 

8. A sample of bleaching powder contains 26'5 per cent, of chlorine. How much 

AiBaOa by weight will be required to deoxidize (" dechlohnize '') 1*236 
grm. of the bleaching powder P 

HYDROBROMIC ACID, HBr. — ^The element bromine occurs 
in nature mainly in combination with the fixed alkalies and the 
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metals of the alkaline earths (calciam, magnesium), forming salts, 
called bromides, which resemble the chlorides of the same metals 
very closely, and from which we derive both bromine and hydro- 
bromic acid. 

EEACTIONS IN THE DET WAT. 

Most bromides remain nnaltered when ignited ; others are vola- 
tilized without decomposition. AuBrg and PtBr4 are decomposed 
upon ignition into metal and bromine, which latter volatilizes. Many 
bromides are acted upon, when ignited with free access of air, and 
are converted into oxides and free bromine ; others again, such as 
Al2Br6, etc., are decomposed, on evaporation of their aqueoas solu- 
tions, into oxides and hydrobromic acid. KBr and NaBr are con- 
verted, to a great extent, into KCl and NaCl, on repeated ignition 
with ammonic chloride. When fused with hydric potassic sulphate, 
bromides are decomposed into sulphates, with evolution of sul- 
phurous anhydride and bromine. The few insoluble bromides of 
the heavy metals are converted into soluble alkaline bromides by 
fasion with alkaline carbonates. 

Heated before the inner flame of the blow-pipe on a bead of microcosmic salt, 
in which a little cupric oxide has been diffused, bromides impart a blue colour to 
the flame, which passes into green^ especially at the edges. This distinction 
between chlorides and bromides is, however, not very marked. 

REACTIONS IN THE WET WAY. 

A SOLUTION OP POTASSIC BROMIDE, KBr, may be employed. 

All metallic bromides can be divided into — 

1st. Bromides which are insoluble m water, such as AgBr, 
'Hg'2Br2, PbBrj (less soluble in water than PbCl2), and — 

2nd. Bromides which are soluble in water, comprising all other 
bromides. "^ 

Certain bromides, e.g., SbBrs, BiBra, are decomposed by water 
into insoluble oxybromides and hydrobromic acid. They resemble 
in this respect the corresponding chlorides. 

In order to detect hydrobromic acid or a soluble bromide, add a 
solution of an argentic (mercurous or plumbic) salt to the solution, 
whei^ a yellowish white precipitate of argentic bromide, AgBr, is 
formed, which is insoluble in dilute nitric acid, somewhat soluble in 
concentrated ammonic hydrate, readily soluble in potassic cyanide or 
sodic hyposulphite. By decanting the supernatant liquid, washing 
with a little water, and treating the precipitated argentic bromide 
with strong hydrochloric acid, reddish brown fumes of bromine are 
evolved which colour starch paste yellowish, (Distinction between 
AgBr AND AgCl.) 

Insoluble bromides, such as AgBr, HgjBrj, PbBr2, can be 
decomposed by heating in a test-tube with alkaline carbonates (free 
from chlorides). The aqueous extract is tested for hydrobromic 
acid, and the insoluble residue for silver or lead. Hg2Br2 gives a 
sublimate of metallic mercury. 

In the absence of any well-marked distinguishing features in the 
argentic bromide precipitate, it is preferable to liberate bromine 
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from soluble bromides, and to cause the reddish-brown vaponr to act 
upon starch paste with formation of yellowish bromide of starch. 

Nitrous acid (or a nitrite and dilute hydrochloric acid) does not 
liberate any bromine fix)m soluble bromides. (Distinction between 
BROMIDES AND IODIDES.) All bromides are, however, decomposed by 
chlorine, with evolution of bromine, which remains dissolved in the 
aqueous solution. On shaking with a little ether, the bromine is 
taken up by the ether, forming a yellowish-red liquid, which floats 
on the top of the saline aqueous solution. This ethereal liquid may 
be removed by means of a small pipette, and on being treated with 
potassic hydrate is converted, on evaporation, into potassic bromide 
and potassic bromate, thus : — 

SBr^ + 6KH0 = 5KBr + | q^^ + SOH,. 

Bromine is obtained from natural bromides, such as potassic, 
magnesic, and calcic bromides, by reactions analogous to those 
employed for the preparation of chlorine from common salt (page 
118) ; for instance, on distilling with manganic oxide and concen- 
trated sulphuric acid, thus : — 

2KBr + M11O2 + 2SO2H02 = Brj + SO2K03 + SO^Mno" + 20H„ 

or by distilling a bromide with dipotassic dichromate and sulphuric 
acid, thus : — 

6KBr + Cr^OsKoa + 7SO2H02 = 3Br, + SgOeCrao^ + ^SOaKo, 

+ 7OH2. 

A mixture of a bromide and 
manganic oxide, or dipotassic 
dichromate is introduced into a 
tubulated retort (Fig. 16), with 
concentrated sulphuric acid, 
diluted with its own weight of 
water, and gently heated over a 
gas flame. The reddish-brown 
vapour of bromine passes over, 
and condenses in a flask (which 
should be kept cold by a stream 
of water, or better still, in a 
vessel surrounded with ice), to a 
reddish-brown heavy liquid. 

Concentrated sulphuric acid 
alpne evolves hydrobromic acid, 
together with bromine and sulphurous anhydride, thus : — 

4KBr + 3SO2H02 = Bra + 2HBr + 2SO,Ko3 + 20H8 + SO2. 

Concentrated nitric acid evolves bromine, together with nitrous 
fumes, thus : — 

2JCBr -f 4NO,Ho = Bra 4- 2NO2K0 -}- N2O4 + 2OH2, 




Fig. 16. 
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In the two last reactions the snlphuric and nitric acids act as 
oxidizing agents, performing in fact the functions of the manganic 
oxide and cHpotassic dichromate in the former reactions. 

It is obvious that the hydrogen may also be remoyed from hydrobromic acid 
(or the metal from a metallic bromide) by other oxidizing agents, such as per* 
manganates and metallic peroxides, in the presence of an acid. 

Bromine is a heavy reddish-brown liquid, of disagreeable odour, 
resembling the odour of chlorine. It boils at 63° C, and volatilizes 
at the ordinary temperature. Bromine vapour bleaches vegetable 
colours like chlorine gas. It is difficultly soluble in water, somewhat 
more soluble in alcohol, and readily soluble in ether to a yellowish- 
red liquid. 

Bromine (like chlorine) is an oxidizing agent, i.e., it is eager to 
combine with hydrogen, and is capable of decomposing water, 
sulphuretted hyiogen, etc., under favourable circumstances {e.g., 
sunlight), with liberation of oxygen, sulphur, etc. We avail our- 
selves of this tendency to prepare hydrobromic acid, which cannot 
be obtained pure by distilHng a bromide with sulphuric acid. By 
passing sulphuretted hydrogen through bromine suspended in water, 
a colourless solution of hydrobromic acid is obtained, and sulphur 
separates, thus : — 

Bra + SHj = 2HBr + S. 

This solution always contains some sulphuric acid, owing to a 
secondary reaction of the bromine upon water, in the presence of 
nascent sulphur : — 

3Br, + 4OH2 + S = 6HBr + SO2H02, 

from which the hydrobromic acid is separated by distillation. 

It will be inferred from this that the decomposition of water by 
bromine would be assisted very much by the presence of deoxidizing 
bodies, such as phosphorus, metallic hypophosphites, sulphites, hypo- 
sulphites. 

Hydrobromic acid can likewise be prepared by distilling an 
alkaline bromide with phosphoric acid. 

In order to distinguish a bromide in the presence of a chloride ^ argentic nitrate 
is added gradually to the solution, acididated with a little dilute nitric acid. 
AgBr is precipitated first, and by filtering off, as soon as the precipitate appears 
white — an indication that the whole of the bromide has been precipitated, and 
that AgCl begins to fall out — ^the two acids may be roughly separated. 

It is, howeyer, preferable to employ the reaction described at page 117, viz., 
of distilling a mixture of a dry chloride and bromide with dipotassic dichromate 
and concentrated sulphuric acid, and of obtaining chlorochromic acid and bro- 
mine, the former being decomposed by water into Cr03Ho2 and HCl. The 
bromine remaining unchanged, can be removed by ether. On adding AmHo 
to the bromine solution a colourless liquid containing ammonic bromide and bio- 
mate is obtained. 

QUESTIONS AND EXERCISES. 

1. Describe a method by which bromine can be obtained from a soluble bro- 

mide. 

2. How would you prepare HBr from a soluble bromide P 
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3. Explain the action of heat upon solid soluble bromides. 

4. Classify all bromides according to their solubility in water. 

5. Describe the most characteristic tests for bromine, and for HBr. 

6. Explain the action of chlorine, dilute HCl, concentrated SO2H02, concen- 

trated IVO2H03, or POHos upon potassic bromide. 

7. How is HBr distinguished from HCl ? 

8. What takes place when bromine, phosphorus, and water are brought 

together ? 

9. Explain the action of SH2, SONao2, and SSONao2 upon bromine suspended 

in water. 

10. G-ive the atomic and yolume weights of bromine and of hjdrobromic acid. 

11. 1*56 grm. of argentic bromide are heated in a current of chlorine j what will 

be the weight of the silver salt left ? 



BROIIIIC AC1D| < qwq' — Obtained in combination with potassium by 

adding bromine to a moderately concentrated solution of potassic hydrate. 
Potassic bromate crystallises out &om the slightly yellowish-coloured liquid, and 
is purified from potassic bromide by washing with water and recrystallisation. The 
reaction takes place according to the equation : — 

. SBra + 6KH0 = 5KBr + j Jko "*" ^^^** 

The free acid is obtained by decomposing baric bromate with dilute sul- 
phuric acid. 

EEACTIONS IN THE DET WAY. 

All bromates are decomposed by heat. Some, e.g., the alkaline bromates* 
fuse and eyolve oxygen, leaving a bromide ; others, such as zincic and magnesic 
bromates, leave an oxide and give off oxygen and bromine ; others, again, leave an 
oxide and a bromide, e,^.j plumbic and cupric bromates. When mixed with 
readily oxidizable substances, such as carbon, sulphur, etc., bromates deflagrate. 

BEAOTIONS IN THE WET WAT. 

We employ A solution op potassic bbomate, 4 2^;^. 

All bromates are soluble in water. Argentic and mercurous bromates are 
difficultly soluble. 

Dilute sulphuric, nitric, or phosphoric acid liberates bromic acid from its 
salts, which, however, exhibits great instability and breaks up into bromine, 
oxygen, and water. 

Bromates are readily broken up by deoxidizing substances, such as sulphurous 
and phosphorous acids, sulphuretted hydrogen, etc., with formation of sulphuric 
and phosphoric acids, sulphur and water, and liberation of bromine. A mixture 
of potaasio bromide and bromate, when acted upon by dilute adds, is decomposed 
into bromine and water, thus : — 

6KBr + 1 2^^ + 6HC1 = SBr^ + SOHa + 6KC1. 

The weak affinily of bromine for oxygen is, moreover, rendered a^^arent on 
boiling bromine with such powerful oxidizing agents as nitric acid, potassic chlo- 
rate or manganate, which are without action upon it. 

A bromate in the presence of a chlorate is readily distinguished by precipitation 

OAsQ* g^^®^ o^ bromine on 
being treated with HCL The residue which bromates and chlorates leave on 
ignition may also be tested by any of the methods described under hydrochloric 
and hydrobromio acids. 
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QUESTIONS AND EXERCISES. 

1. State how potassic and baric bromates are prepared. 

2. Describe tne changes which metallic bromates undergo when submitted to 

heat. 
8. Explain the action of dilute acids upon potassic bromate. 
4. What is the action of SH^, SO2, or PjOs upon potassic bromate ? 
6. How can a bromate be distinguished in the presence of a bromide ? 

6. How can a bromate be distinguished from a chlorate or nitrate P 

7. How is free bromic acid obtained ? 

8. How much potassic bromate should there be obtained from 50 grms. of 

bromine? 



HYDRIODIC ACID, HI.— Occurs in nature in the form of 
soluble iodides (KI, Nal, Mgl2, Cal2), in sea water, in the ashes of 
marine plants, in some mineral springs, from which bodies iodine is 
obtained, by processes similar to those employed for the extraction 
of bromine jfrom bromides. 

REACTIONS IN THE DRY WAY. 

Most iodides undergo decomposition when heated by themselves, 
either with or without exclusion of air. Aula and PtI* give off 
iodine, and leave the metals; others are partially decomposed, 
giving off iodine, and leaving an oxide of the metal. The alkaline 
iodides, however, can be heated to fusion, without undergoing any 
decomposition. Ignition with amnionic chloride converts iodides 
only partially into chlorides. On fusing cupric oxide in a bead of 
microcosmic salt, and introducing a little potassic iodide into the 
bead and heating in the inner blowpipe flame, the outer flame 
becomes of ^ijme emerald green colour, 

REACTIONS IN THE WET WAY. 

We employ a solution of potassic iodide, KI. 
All metallic iodides may be divided into — 

1st. Iodides msoluhle in water, such as Agl, Hgslg, Hgl2, 
Pblj, CUglj, (Bila, Auls, PtI*) and Pdlj, and— 

2nd. Iodides' soluble in water, comprising all others. The 
iodides of the heavy metals are less soluble than the 
corresponding bromides or chlorides. 

Soluble iodides may be examined in two ways — 

1st. By jpred^iiation or conversion of the soluble into insoluble 
iodides, 

NOsA^o gives a yellowish white precipitate of argentic Iodide, 
Agl, insoluble in dilute nitric acid, almost entirely insoluble in 
ammonic hydrate (distinction between HI and HCl, or HBr); 
soluble in potassic cyanide. 

N204Hg2o'' gives a yellowish green precipitate of mercnroiu 
Iodide, Hgalj, insoluble in dilute nitric acid, soluble in potassic 
iodide. 
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HgClg gives a beanti^l vermilion red precipitate of mercuric 
Iodide, Hglz, solnble, however, in excess either of mercuric chloride 
or of potassic iodide. 

( CH \ 
< QQ^h^^^" gives a bright yellow precipitate of plumbic Iodide, 

Pbl,, soluble, like the chloride, in hot water, from which it crystal- 
lises out, on cooling, in beautiful shining yellow scales ; soluble in 
dilute nitric acid. 

SO2OU20" (cuprous sulphate), obtained by treating SO2OU0" 
with SOH02, produces a dirty white precipitate of cuprous iodide, 
CU2l2, which is of interest, because chlorides and bromides cannot he 
precipitated in like manner, and because it serves frequently for 
removing iodides from dilute solutions containing chlorides and 
bromides. 

2nd. By liberating iodine, and causing the iodine vapour to act 
upon starch paste. This may be effected in several 
ways. 

On mixing a dilute solution of potassic iodide with a few drops 
of hydrochloric acid, and then adding a drop or two of a solution of 
potassic nitrite, iodine is instantly liberated, and may be detected 
by the yellowish-brown tint it imparts to the solution, or better still 
by allowing it to act upon a solution of starch, to which it imparts 
a fine blue colour, owing to the formation of iodide of starch. Thifl 
is one of the most delicate tests. The reaction serves equally well 
for the detection of NOHo (comp. page 116), or NOjHo, after 
reducing to NOHo (see page 114), thus : — 

2KI + 2NOK0 + 4H01 = I2 + 4KC1 + N2O2 + 20Ha. 

A solution containing free iodine may also be shaken up with a 
few drops of carbonic disulphide, which dissolves the iodine, assuming 
a fine violet colour. Ether dissolves iodine, but the colour which is 
produced resembles ether coloured by bromine. 

Nitric acid containing a lower oxide of nitrogen, acts like a 
nitrite. 

Bromine or chlorine (or what amounts to the same, ClNao and 
HCl, or metallic peroxides or perchlorides, e.g., BaOt, PbO,, Mn03 
and HCl, or FejCle and HCl), liberates iodine from iodides. Ac- 
cording to the quantity of iodide employed, iodine separates either 
as a bluish-black powder, forming a brown liquid, or in the form of 
deep violet fumes, which condense to beautiful fern-leaf shaped 
crystals. 

The methods adopted for the extraction of iodine from metallic 
iodides are all based upon the expulsion of iodine by oxygen (or its 
equivalent of chlorine or bromine). Iodine is obtained by distilling 
an iodide with an oxidizing agent and sulphuric acid, e.g. : — 

2KI + MnOa + 2SOaHo2 = la H- SOaMno" -f SOaKog + 

2OH2, or 

6KI + CraOftKoa + 7SOaHoa = 3Ia + SjOeCraO^ + 4SOaKoa + 

7OH2. 
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Concentrated acids, such as S02no2, or N02Ho, decompose 
iodides with separation of blnish black scales of iodine and evolu- 
tion of SOj and lower oxides of nitrogen, thus : — 

2KI + 2SO2H02 = la + SOjKoa + SO2 + 20Ha. 
2KI + 4NO2H0 = la + 2NO2K0 H- N2O4 H- 2OH2. 

On ftising an iodide with SO2H0K0, iodine is likewise liberated, 
thus : — 

2KI + 4SO,HoKo = SSOaKo, + SO, + la + 20Ha. 

On examining for traces of iodine by acting upon an iodide with chlorine or 
bromine, excess of the latter elements must be carefully avoided, as the iodine 
forms with the clilorine or bromine colourless chloride or bromide of iodine, and 
destroys the blue colour of iodide of starch, or the violet colour of the carbonic 
disulphide solution. The blue colour of iodide of starch is also destroyed by 
various reducing agents, such as SO2, SH2, A82O3, S]lCl2, and IBLgiCl^, or by 
any organic reducing body. Alkalies destroy the colour, dilute acids (even acetic 
acid) restore it again. On heating iodide of starch the colour disappears, but 
rea^ears on cooling. 

The destruction of the blue colour of iodide of starch by various reducing 
afents is due to the decomposition of water by the iodine, with formation of HI, 
the oxygen being transferred to the reducing agent, thus : — 

SOH09 (a dilute solution) + I2 + OH2 == SO2H03 + 2HI. 

SH2 + I2 = 2HI + S. 

AsHos + I3 + OH2 = 2HI + AsOHos. 

Hydriodic add is usually prepared by acting upon iodine sus- 

gsnded in water (or dissolved in hydriodic acid), with a current of 
H2. Sulphur separates and is removed by filtration, and the 
solution of hydriodic acid concentrated by distillation. Its aqueous 
solution absorbs oxygen from the air, water being formed and 
iodine liberated, which dissolves in the undecomposed hydriodic 
acid, and imparts a brown colour to the liquid. 

Insoluhle iodides have to be fused with alkaline carbonates. 
The aqueous extract is examined for iodine, and the residue for the 
metal. 

QUESTIONS AND EXERCISES. 

1. How would you extract iodine from BKgrIa ? Q"ive several methods, and 

express the changes by equations. 

2. Explain the action of heat upon solid iodides. 

3. Classify all iodides according to their solubility in water. 

4. Explain how you would distinguish HCl, H£r, and HI, when occurring ux 

one and the same substance. 

5. Explain the action of iodine vapomr upon starch. 

6. Why is it preferable to liberate iodine by means of IV2O3, instead of by 

bromine or chlorine ? 

7. How would you prepare a solution of hydriodic acid ? 

8. How much iodine can be obtained from 100 lb. of Nal P 

9. Q-ive graphic formulsB for cuprous and mercurous iodides. 

10. Explain how you would distinguish free iodine in the presence of an 
iodide. 
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11. What action takes place when a dilute solution of SOj acts upon iodine, and 

how can iodine be made the measure for SO3 and vice versd ? 

12. 10 litres of a mineral water yield '134 grm. of Agl ; how much iodine is 

there in 100,000 parts of the water ? 



IODIC ACID, i ?TT • — Fotassic iodate is obtained, like the corresponding 

chlorate and bromate, by dissolving iodine in potassic hydrate. The iodate ciystal- 
lises out first, being much less soluble than KI. The free acid can be prepared by 
decomposing baric iodate with sulphuric acid, thus : — 

/OI 
2 Bao" + SOaHoj = 2 ( J^^ + SOaBao". 
01 

Iodic acid is also obtained by the action of strong boiling nitric acid upon 
Iodine, or by passing chlorine through iodine suspended in water. 

EBACTIONS IN THE DET "WAY. 

All iodates are decomposed upon ignition, some breaking up into an iodide, 
with evolution of oxygen ; others into metallic oxides, iodine and oxygen being 
expelled. When heated with charcoal they explode less violently than chlorates 
or bromates. 

BBACTIONS IN THE WET WAY. 

We employ A solxttion OJf potassic iodate, i 2-g. . 

Alkaline iodates alone are soluble in wafer, 

BaCla gives a white precipitate of baric Iodate, soluble in nitric add. 

WOsAgo produces a white crystalline precipitate of arircntlc Iodate, 
tparin^ soluble in nitric acid, readily soluble in ammonic hvdrate (distinction 
PBOM HI). On the addition of a reducing agent, e.ff.j SOH03, to the dear 
ammoniacal solution of argentic iodate, a precipitate of Agl is obtained, thus : — 

{ OAgo •*■ 3SOH02 == Agl + 3SO2H02. 

Fotassic iodate is decomposed by SH2, with formation of potassic iodide and 
sulphuric acid, and precipitation of sulphur; by SOH03, with separation of 
iodine, which (by the decomposition of water) is converted into hydriodic acid. 

A mixture of an iodate and iodide is decomposed by weak acids («.^., acetic 
add), with liberation of iodine. Traces of an iodate in potassic iodide can, there- 
fore, be detected by means of the delicate iodide of starch reaction. 

Iodates which give off iodine when they come in contact with various reducing 
agents, e.^.y SO2, SSONao2, S]lCl2, differ, however, in a marked manner &om 
bromates by remaining unacted upon by concentrated sulphuric add, unless the 
action be assisted by deoxidizing agents, such as ferrous salts, etc. Instead of 
acquiring a less stable character by the interposition of the atoms of oxygen 
between the iodine and potassium, potassic iodate, and still more so period^Ue 
(obtained by passing chlorine through an alkaline solution of potassic iodate), are 
capable of resisting the action of sulphuric acid far more readily than potassic 
iodide. Periodates are, in fact, not reduced by the ordinary reducing agents by 
which iodic acid is reduced, except by '^ "" 



QUESTIONS AND EXERCISES. 

1. How are potassic iodate and periodate obtained P G-ive equations. 

2. Explain the changes which iodates and periodates undergo upon ignition. 
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3. Explain ihe change which takes place when potassic iodate is acted upon — 

1st, by reducing agents, e.g., SOj, SH2, PeCls j 2ndly, by concentrated 
sulphuric acid. 

4. A precipitate contains Agl and \ QAeo* ^**^*® ^^^ ^^^ would separate the 

two salts from each other. 
6. Explain the action of HI upon a mixture of £1 and \ ^L . 

HYDROFLUORIC ACID^ HF.— Occurs in nature in com- 
bination chiefly with calcium in the mineral called fluorspar (Derby^ 
shire spar), CaFs ; also as double fluoride of aluminium and 
sodium in cryolite, GNaFjA^Fe. It is, moreover, met with in 
certain natural phosphates, e.g., coprolite, wavellite, and in a few 
silicates, e.g., topaz, mica, hornblende, 

REACTIONS IN THE DRY WAT. 

Heated out of contact with the air, most fluorides remain un- 
changed. Volatile fluorides can be distilled ; but when heated in a 
moist atmosphere, or if water be added, they are decomposed into 
oxides (oxyfluorides) and hydrofluoric acid. The changes which 
fluorides undergo in the dry way are of two kinds. 

1st. The fluoride gives off hydrofluoric acid gas which corrodes glass, 
— ^By heating a fluoride containing water in a piece of combustion 
tubing, open at both ends, before the blowpipe, the glass around the 
fluoride is attacked. The experiment may be carried out also by 
mixing a little microcosmic salt with the fluoride, and holding the 
tube in a slightly slanting position. 

By heating a mixture of a fluoride with hydric potassic sulphate 
in a test-tube, HF is disengaged, thus : — 

CaFj + 2SO2H0K0 = SOzCao'' + SOzKo, + 2HF. 

The gas corrbdes the upper part of the tube on account of its action 
upon the silica of the glass, with which it forms a gaseous compound, 
silicic fluoride, SiF*, thus : — 

4HF -h SiO, = SiF4 + 2OH2. 

2nd. The fluoride is decomposed by hydric potassic sulphate vn the 
presence of a borate, with formation of volatile boric fluoride, BFs. — 
By heating a mixture* of powdered hydric potassic sulphate and 
fused borax with the finely powdered fluoride, on the loop of a 
platinum wire, in a clear flame of a Bunsen gas lamp, boric fluoride 
is disengaged, imparting a beautiful yellowish-green colour to the 
flame, which is highly characteristic, although very evanescent. 

REACTIONS IN THE WET WAY. 

We employ a solution of sodic fluoride, NaF. 

• 10 mol. of SO3H0K0 ( = 10 X 136). 
Smol. ofCaFj (= 3 x 78). 

1 mol. of BfOsNaos 202. 

K 2 
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Host metallic fluorides are solid; others, ^ais, such ae the 
fluorides of the metals whose higher oxides possess acid properties, 
form volatile, fuming, highly corrosive liqiudB, or are gaseons nt 
ihe ordinary temperature. 

FluoTidet are either sol-able in water aod more or less crystallioe, 
Bnch as KF, NaF, AmF, AgF, SiiP„ Pe^Ffc HgF,, Al,Ffc or 
inicluhle or very gparingly soluble in water, and amorphous when 
obtained by precipitation, e.g., CaF,, BaF,, PbF„ ZnF,, CuF,. 

The reactions which a soluble fluoride gives by double deeom- 
potilion with solutions of salts, whose metals form iosolnble 
flaorides, are not very characteristic. 

BaCli produces a bulky white precipitate of baric llnvride, BaF*, 
soluble in hvdrochloric acid and in much ammonic chloride. 

CaCli (or CaHo,) gives a gelatinous trarmlucent precipitate of 
eaidc iincride, CaF,, which becomes visible by the addition of 
ammonic hydrate. CaFi is slightly soluble in cold hydrochloric or 
nitric acid, difBcaltly solnhle in boiling hydrochloric acid, less 
Bolable in acetic acid, insolnblc in free hydroflaorio acid, soluble to 
some ext«ut in ammonic chloride. 

MOiAgo produces no precipitate. (Distikction between HF 

AMD HCl.) 

It is preferable to t«8t for HF by the reaotions based upon the 
formation of gaseons SiFi or BF,. 

All flnorides (soluble or insolnbie) are decomposed on heating 
with concentrated snlpharic acid, with disengagement of HF, a 
metallic aalphate being left, thas : — 

CaP, + SOtHo, = '2HF + SOiCao". 



Hydrofluoric acid gas is highly 

I corrosive, and should not be inhaled. 

If it comes in contact with silica {e.g., 

in glass), SiF, is formed. The glass 

I becomes corroded or etched, 

^ Its action upon glues may be Bkawn also 

\>j corering a platmtim crucible, contain- 

ing a little finely powdered fluoride and con- 

"" ' ceotrated Bulpburio acid, with a piece of glaas, 

:g., a watoh-glaaa. The Tapour of the evolTcd hjdroflHorio acid eoirodes the 
glau. The action of the hydrofluorin acid becomee apparent when the glass is 
coverel with a thin layer of melted wai, and some design BCratcbed on thewaied 
Bide with a pointed instrument. The ca» aete upon the unproteetod portion of 
Jha b'bs"- To prevent t'le melting of the wai, a little ooid water 19 iept on the 
watoh-glaOT, The design will be found etched more or less deeply into the glass, 
after the rrm07al of the wai. Mere traoea of afliiorida are thus detected, and as 
no otier subBt*noe attacks glass Bimilarly, the reaction is perfectly uharaoteriatic 
for hydrofluoric acid. 

If the fluoride contain much silica, sulphuric acid disengages 
BiUcic fluoride inBtflad of hydrofluoric acid, which does not attack 
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glass ; but when passed into water — ^best by letting the delivery- 
tube dip into a little mercury — it is decomposed into hydrofluo- 
silicic acid and into SiHo^, thus : — 

3SiF4 + 40Ho = SiHo4 + 2(2HF,SiF4). 

This reaction is employed for detecting fluorine in silicates, or if 
applied to fluorides which are free from silica, some finely powdered 
quartz or glass is first mixed with the fluoride, before treating with 
sulphuric acid, and passing the silicic fluoride into water. 

The experiment may be performed in a glass flask or small stone ware bottle, 
provided with a wide delivery-tube, which dips under mercury contained in a 
small porcelain cup at the bottom of a beaker or glass cylinder. Care should be 
taken that the inside of the delivery tube remains perfectly dry, when the re- 
ceiving vessel is filled with water. A mixture of one part by weight of finely 
powdered fluorspar, and one by weight of fine sand is introduced into the glass 
or stone ware vessel. Seven to eight parts by weight of oil of vitriol are added, 
and the whole shaken up together and gently heated upon a sand- (or water-) 
bath. Each bubble of the evolved SiF4, on passing through the water, is 
decomposed, with separation of gelatinous silica, which after a time fills the 
whole glass vessel in the form of a dense jelly. The silica is separated by strain- 
ing through a cloth from the hvdrofluosiiicic acid, which maj be returned to the 
glAss cylinder, and a fresh quantity of SIF4 passed through, till the acid solution 
has become sufficiently concentrated. 

Silicates containing fluorides which are not decomposed by sulphuric acid, are 
fused with four parts of fusion mixture. The fused mass is extracted with water 
and filtered. The filtrate contains the fiuorine in the form of alkaline fiuorides 
together with alkaline silicates. On slightly acidulating with dilute hydrochloric 
acid to decompose the excess of alkahne carbonates, and then digesting with 
ammonic hydrate, SIH04 is precipitated, which can be filtered off, leaving the 
alkaline fluoride. On adding CaHo2 or CaCl2, and digesting at a gentle heat, a 
gelatinous precipitate of CaF2 is obtained, which is filtered off, dried, and 
examined. If phosphoric acid be present, the precipitate contains yjO-jCao^a, 
as well as CaF2; which does not, however, interfere with the disengagement of 
hydrofiuoric acid gas. 

Insoluble fluorides, c.^., CaF2, are not completely decomposed by fusion with 
alkaline carbonates, unless SIO2 be present, 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural compounds of fluorine 1 

2. What changes do solid fluorides undergo when heated by themselves ; 2ndly, 

when mixed with microcosm ic salt or hydric potassio sulphate ? 

3. How is BF3 formed, and why does it furnish us with a characteristic reac- 

tion for fluorine or vwe versd for boron ? 

4. Classify fluorides according to their solubility in water. 

5. Describe some characteristic reactions for fluorine in the wet way. 

6. How would you distinguish gaseous HCl from HF ? 

7. How is hydrofluoric acid gas prepared ? Explain its action upon glass. 

8. How woifld you test for small quantities of a fluoriie ? 

9. Explain the action of concentrated sulphuric acid upon a fluoride containing 

much SIOa. 

10. How is fiuorine detected in silicates decomposable by SO2H02, containing 

traces of a fiuoride ? 

11. How can fluorine be detected in a mineral containing a silicate which is 

not decomposed by sulphuric acid, some phosphate, and traces of a 
fluoride ? 

12. How would you prepare KF, AmF, and liquid HF ? 
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KTDROFIiUOSlIilCIC ACID, 2HF,SiF4.— Obtained by passing silicic 
fluoride into water and separating the precipitated silica by filtration. 

It forms salts, called silicofluorides, or nuosilicates, on acting upon metallic 
oxides, hydrates, or metals, such as Fe or Zn (these latter with evolution 
of hydrogen), of which the potassic and baric silicofluorides are the most 
interesting. 

BEACTIONS IN THE DEY WAY. 

Silicofluorides are decomposed by heat into fluorides, with disengagement of 
silicic fluoride. 

BEACTIONS IN THE WET WAY. 

A CONCENTBATED SOLXTTION OP THE ACID may be employed. 

On eyaporating a solution of hydrofluosilicic acid, in a platinum vessel, it 
volatilizes, and is decomposed into siF4 and 2HF. The acid ought not, theire- 
fore, to be heated in a glass vessel. 

A few silicofluorides, e.g., 2KF,SiF4, 2NaF,SiF4, BaF2,SiF4, are diffi- 
cultkf soluble in water, and are rendered quite insolttble by the addition of alcoAoL 
Most other metallic silicofluorides are readily soluble in water. 

BaCls precipitates translucent crystalline baric slllcofluoride, BaF3,SiF4, 
which falls out very readily. The precipitation is complete on the addition <^ 
an equal volume of alcohol. Strontium is not precipitated from concentrated 
solutions. (Distinction between babium and stbontixim.) 

£C1 gives a translucent gelatinous precipitate of dlpotassle sillcofliioriile, 

2£F,SiF4- 

AmHo separates SiHo4 and forms AmF. 

On heating a metaUic silicofluoride with concentrated sulphuric acid in a 

platinum crucible, covered with a watch-glass, the glass becomes corroded or 

etched. 

QUESTIONS AND EXERCISES. 

1. ^ow is 2HF,S1F4 prepared P 

2. State how 2HF,SiF4 acts upon KHo, OH3, Fe, CuO. 

3. What decomposition takes place when silicofluorides are heated — 1st, by 

themselves ; 2ndly, with concentrated SO2H03 ? 

4. How is BaF<^ SiF4 obtained? 

5. What proportions by weight of CaFa, SiOj, and SO2H02, are required for 

the preparation of 2HF,SiF4 ? 



PHOSPHORIC ACID, POH03.— This acid is never met with 
in the free state in natnre, but invariably in combination with 
bases, such as CaO, MgO, AljOs, FeO, Fe^Os, PbO, as hone- 
ash, sambrerite, coproUte, apatite, wagnerite, wa/oellite, vivianUe, 
pyromorphite, etc. 

REACTIONS IN THE DRY WAT. 

Normal phosphates of fixed bases are not decomposed upon 
ignition. Mono- and di-hydric normal phosphates lose water, and 
are converted into pyro- and metaphosphates, thus : — 

(1) 2POHoNaoa = PjOsNao* + OHj. 

Sodic 
pyrophosphate. 

(2) POHoaNao = PO,Nao + OH^. 

Sodic 
metaphosphate. 
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Fusion with caustic or carbonated alkalies converts pyro- and 
metaphosphates into normal or orthophosphates. Boiling with con- 
centrated acids (NO2H0) effects this conversion likewise. 

Alkaline earthy phosphates are only partially decomposed by 
fnsion with alkaline carbonates ; most others, e.g., magnesic, ferric, 
zincic, nickelons, manganous, cnpric phosphates are completely de- 
composed. The solution contains trisodic and tripotassic phosphates. 
PjOaAljO^ can only be decomposed by fusion with silicic anhydride 
or sodic silicate (water-glass) and fusion mixture,* being converted 
into sodic aluminic silicate and trisodic phosphate. (Comp. p. 46.) 

REACTIONS IN THE WET WAY. 

We employ A solution op htdric disodic phosphate, POHoNaoa. 
All phosphates may be divided into — 

1st. Phosphates which are soluble in water, comprising the 

alkaline phosphates only ; their solutions react alkaline ; 

and 
2nd. Phosphates which are insoluble vrv water, but soluble in 

mineral acids (some also in acetic acid), comprising all 

other metallic phosphates. 

The following are some of the more important reactions by 
double decomposition: — 

BaCU yields a white precipitate of taydrlc baric ptaosptaate, 
POHoBao", difficultly soluble in ammonic chloride, soluble in nitric 
or hydrochloric acid. 

CaCls, or S02Cao'' produces a white precipitate of taydrlc ealde 
(or tricaJcic) ptaosptaate, POHoCao", readily soluble in mineral acids, t 
soluble in acetic acid, after being freshly precipitated, difficultly 
soluble in ammonic chloride. 

SOaMgo" (or MgCla) in the presence of AmCl and AmHo pro- 
duces a white crystalline, quickly subsiding precipitate of ammonic 
matrneslc ptaosptaate, POAmoMgo" + 6 aq., insoluble in ammonic 
hydrate, readily soluble in acids, even acetic acid. A highly dilute 
solution of sodic phosphate is only precipitated after some time. 
The precipitation is promoted by stirring and allowing the liquid to 
stand in a warm place, when the precipitate is seen to adhere, in the 
form of white streaks, to those parts of the glass vessel which have 
been touched by the glass rod. Arsenic acid gives an analogous 
precipitate. 

This is the most important reaction for POHoa; it is almost 
invariably resorted to, both for the recognition of magnesia and 
phosphoric acid. \ 

NOaAgo gives a light yellow precipitate of triarsentlc ptaosptaate, 
POAgOs, solul3le in ammonic hydrate and in nitric acid. 

* One part of Si02, together with six parts of fusion nuxturo. 

t F3030ao"8 + 4NO2H0 = F202Ho4Cao" + 2^^K}fio'\ 

Soluble tetrahydric 
calcic diphosphate, repredpitated by AmHo. 
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( < no' r^^ "' P*"™**® acetate, produces a white precipitate of 

plamblc phosphate, P202Pbo"3, readily soluble in Ditric acid, almost 
insoluble in acetic acid, as well as amnionic hydrate. If the pre- 
cipitate is fused before the blowpipe on charcoal, the bead appears 
crystalline on cooling ; no reduction to the metallic state takes place. 

Pe^Cle gives a yellowish-white gelatinous precipitate of ferrte 
phosphate, P202Fe20^, soluble in hydrochloric acid. The ferric salt 
should be added drop by drop, sufficient to just impart a red tinge 
to the supernatant solution, since the precipitate is somewhat soluble 
in excess of ferric chloride. Sodic acetate must be added to remove 
the two molecules of free hydrochloric acid resulting from the 
reaction, which would otherwise dissolve some of the precipitate. 

When phosphoric acid has to be removed from a phosphate dissolved in 
hydrochloric acid, e.g., from the alkalme earthy phosphate, ^^O^Cw/^, the free 
acid is nearly neutralized with ammonic hydrate or ammonic carbonate, and 
then sodic acetate added, which, by double decomposition with the free hydro- 
chloric acid, forms sodic chloride and free acetic acid, in which the precipitate, 
produced by a slight excess of ferric chloride, is absolutely insoluble. The mix- 
ture is heated to boiling, a reddish-brown precipitate is obtained, which contains 
the whole of the phosphoric acid, together with some basic ferric acetate. It must 
be filtered hot, and washed with hot water ; the filtrate contains the alkaline 
earthy bases as chlorides. — (Comp. also p. 36 and 37.) 

Small quantities of phosphoric acid, in the presence of large amounts of a 
ferric salt^ such as we meet with in solutions of iron ores, of pig iron, steel, 
etc., are host removed by first reducing the ferric to ferrous salt by boiling 
with SOHoAmo, neutralising with CONao2, and lastly with sodic acetate and 
precipitation with a few drops of ferric chloride (or by reoxidizing a small portion 
of the ferrous salt by the addition of a little chlorine water, or a drop or two of 
bromine). The whole of the phosphoric acid is usually precipitated in this 
manner. Loss arising from the solvent action of ferric acetate is avoided, as 
ferrous acetate does not dissolve ferric phosphate. 

This method is employed with advantage in the examination of iron ores, etc. 
The precipitate is filtered hot, redissolved in dilute HCl, and the phosphoric 
acid precipitated in the presence of citric or tartaric acid, AmCl and AmUo, by 
means of magnesic sulphate. 

AsOHos exhibits with ferric chloride a similar reaction, and has, 
therefore, to be separated from an acid solution, by boiling with 
SOHoAmo and precipitation by a current of SH2 gas. 

Small traces of phosphorus (phosphoric acid), usually found in soils, 

ifi^ . iron ores, in pig iron, steel, sheet copper, etc., may also be precipitated 

*" after dissolving the ore or metal in hydrochloric and nitric acids, 

whereby the phosphorus is converted into POH03, and after driving 

off the excess of acids by evaporation and taking up of the residue 

^ with concentrated nitric acid, by adding a solution of ammonic 

ijr molybdate and concentrated nitric acid ; the silicic acid is separated 

by the evaporation' to dryness, and arsenic acid, if present, should be 

first removed by sulphuretted hydrogen. On digesting the solution 

at a gentle h«at (60° C.) for some time (hours if necessary), and 

stirring with a glass rod, a bright yellow precipitate of ammonic 

ptaosptao-molybdate is obtained. 

The constitution of this precipitate is not well understood ; we 
know merely that it contains molybdic acid, ammonia, and phos- 
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phorio acid* (about 3 per cent.) By washing the yellow precipitate 
with a solution of amnionic molybdate, and lastly with a solution of 
amnionic nitrate, and then dissolving it in ammonic hydrate, filter- 
ing, and adding S02Mgo", AmCl, and AmHo, the phosphoric acid is 
obtained as POAmoMgfo". 

White of egg (albumen) is not coagulated bj tribasic phoBphoric acid, nor by 
a solution of an orthophosphate acidulated with acetic acid. 



PTROPKOSPHORIC ACID, P2O3H04.— Pjropbosphates are obtained 
by heating monohydric phosphates. They are of little importance, however, since 
they are not usuaUy met with in natural compounds, and as they are speedily 
converted, by the action of acids or alkalies, into tribasic phosphates. 

BEACTIONS IN THE WET WAY. 

We employ A solftion of sodic ptbophosphate, P203Nao4. 

AlkaUne pj/rophosphates are soluble in water. 

All others are insoluble in water^ but soluble in dilute acids. 

The presence of a soluble pyrophosphate is indicated on adding BTO^Ago, 
which gives a white precipitate of arsentle pyroptaosptaate, P20sAg04, 
soluble in nitric acid and ammonic hydrate. 

Albumen is not coagulated by the free acid, nor by an acetic solution of a 
pyrophosphate. 

BKOjAmos (ammonic molybdate) does not give a precipitate, until by the 
action of mineral acids the pyrophosphate has been converted into tribasic phos- 
phate. 



METAPHOSPHORIC ACID, PO2H0, is distinguished fiom the tetra- 
and tribasic acid as follows : — 

Albumen gives an abundant white precipitate with the free acid, and with 
soluble metaphosphates, on the addition of acetic acid. 

S02Mgor', AmCl and AmHo fail to precipitate soluble metaphosphates. 

lV0«Ag02 produces a white precipitate of arffrentlc metaphosphate. 

In the ordinary course of analysis both pyro- and metaphosphates are con- 
verted into tribasic phosphates, and their tetrabasic and monobasic nature is 
lost sight of. They can, therefore, only be detected by special experiments. 



PHOSPHOROUS ACID, POHH02, (dibasic).— Phosphorous anhydride 
is obtained by the slow oxidation of phosphorus on exposure to dry air at the 
ordinary temperature. By combining with water it forms a very weak acid, and 
with hydrated alkalies alkaline phosphites. 

REACTIONS IN THE DET WAT. 

Heated by themselves on platinum foil, phosphites are decomposed, burning 
with a bright flame. Heated in a retort they evolve hydrogen, mixed towards 
the end of the decomposition with PH3, and are converted into phosphates. 

BEACTIONS IN THE WET WAY. 

A SOLUTION OP SODIO PHOSPHITE, POHNaog, may be employed. 
AlkaUne phosphites are soluble in water. 

AU other phosphites are^ for the most part^ difficultly soluble or insoluble in 
water, but soluble in acetic acid (POHFbo'^ excepted). Phosphites (as well as 

* PlojOa, 90-7 P.O. ; F,0,, 31 P.O. ; O Am,, 3-6 P.O, and OHj, 2-6 P.O. 
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hypophosphitefl) are of interest mainly on account of the powerful reducing 
action which thej exert upon salts of various metallic oxides, capable of forming 
lower oxides, or of being reduced to the metaUic state, as well as upon the lower 
oxides, etc., of metalloids, e.g., SO2. 

IffOjAgo is reduced thereby to metallic silver, especially in the presence of 
ammonia and on the application of a gentle heat. 

HgrClj and lV304Hgso'' are reduced to HgTsOls and metallic mercury. 

SO3 forms a phosphate with liberation of sulphur and evolution of SH}. 

Nascent hydrogen yields a mixture of H3 and IPHs which fumes in the air and 
bums with an emerald-green colour. When passed into a solution of argentic 
nitrate, the gaseous mixture precipitates PAgs and metallic silver. 

The insoluble phosphites of Ba, Ca, Fb, etc., are obtained by double decom- 
position, the latter salt being insoluble in acetic acid. 



HTPOPHOSPHOROUS ACID, POK3H0 (monobasic).— Obtained by 
the action of alkalies or hydrates of the alkaline earthy bases upon phosphorus 
and water 

P4 + 3OH2 + 3KHo ^ 3FOH2K0 + FHj. 

BEACTIONS IN THE DBY WAY. 

Hypophosphites are decomposed upon ignition into pyrophosphates and 
4FOH2K0 " F2O8K04 + 2FH3 + OH2. 

BBA.CTIONS IK THE WET WAY. 

A SOLFTION OP P0TAS8IC HYPOPHOSPHiTE may be employed. 
All hypophosphites are soluble in water. They constitute even more powerful 
reducing agents than the phosphites. 

Nitric acid or chlorine water changes them into phosphates. 

SO2H03 is reduced to SOH02, partly even to siUphur. 

SO2GU0'' is reduced to metallic copper. 

IKgpCl2 is reduced to 8^^2012, and then to mercury. 

AuCls and l(r02Ago yield the pure metals. 

Zn + SO2H02 (nascent hydrogen) yield H2 and 



In the ordinary conrse of analysis, both phosphorous and hypo- 
phosphorons acids are converted into phosphoric acid, and they 
mnst therefore be identified by the special reactions just described. 

QUESTIONS AND EXERCISES. 

1. How does phosphoric acid occur in nature P 

2. Ex^ain the action of heat upon FOHo2Nao, FOAmoMgo^', and 

FOHoAmoNao. 

3. How are meta- and pyrophosphates converted into tribasic phosphates ? 

4. Explain the action of potassic hydrate or carbonate upon F202FesO^*, 

F202Cao"8, F2O2CUO 3, FOHoBao", in the wet and dry way. 

5. How can F202Al30^ be decomposed ? 

6. Classify all phosphates, pyrophosphates, phosphites, and hypophosphites 

according to their solubilify in water. 

7. Explain the solvent action of HCl or ISOillo upon the alkaline earthy 

phosphates. 

8. How is phosphoric acid removed from alkaline earthy phosphates 1 

9. State how you would detect phosphoric acid in a soil or iron ore; or 

phosphorus in metallic copper or cast iron. 

10. What is the approximate composition of ammonic phospho-molybdate ? 

11. Which reactions enable us to distinguish between tribado, ietrabasio, and 

monobasic phosphates 7 
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12. How would you prove the presence of magnesic, as well as of poiassio phos- 

phates in wheat flour, in pale ale, and in cheese P 

13. How would you prepare POHjHo and (POH2)2Cao" ? 

14. How are calcic phosphite and potassic hypophosphite acted upon by heat P 

15. What are the products of oxidation, obtained on burning PH3 in air ? 

16. Explain the deoxidizing action of phosphites and hypophosphites. 

17. How can potassic hypophosphite be detected in the presence of potassic 

phosphite and phosphate r 

18. How would you prepare gaseous PH3? What is its action upon solutions 

of cupric sulphate and argentic nitrate P 

19. Give symbolic and graphic formules for gaseous phosphoretted hydrogen, 

calcic hypophosphite, cupric phosphide. 

20. Express by a symbolic equation the change which POHH03 undergoes 

when it is acted upon by SO3H03, by SOjCuo'', or by AuCSls. 

21. How would you convert bone-ash into a soluble calcic phosphate (into 

P202Ho4Cfao" — a constituent of calcic superphosphate) ? 

22. 5*4 grms. of cast iron yielded *046 of P203Mgo , ; what is the percentage of 

phosphorus in the ironl 



SILICIC ACID^ BiH.o^.—8iU<dc anhydride or silica, SiOi, 
occurs in nature both in a crystalline and amorphous condition, 
either in the free or combined state. Quartz and rocJc crystal are 
composed of almost pure crystalline silica. Opal, hyalite, and some 
other minerals consist of amorphous silica, and are probably derived 
from silicic hydrate by a process of slow dehydration. Other 
silicious bodies, such as chalcedony, agate, flint, are principally com- 
posed of amorphous silica, or of a mixture of the two. 

The compounds of silica with bases, especially with OK2, ONa2, 
CaO, MgO, A1203, FeO, MnO, are exceedingly numerous, and 
vary to a very great extent in their constitution and properties, 

REACTIONS IN THE DRY WAY. 

Both varieties of silica are characterised by their infusibility 
when heated by themselves before the blowpipe, or in a bead of 
microcosmic salt. Pure silica fuses with sodic carbonate to a clear 
glass, which remains transparent on cooling. If a silicate be heated 
in like manner, its base or bases are dissolved by the microcosmic 
salt, while the silica is seen to float about in the liquid bead as a 
silica skeleton. Silicates containing coloured oxides give rise to 
opalescent beads, in which the Si02 can be distinguished only with 
difficulty. 

When silica, or a silicate rich in silica, is heated before the blow- 
pipe with sodic carbonate, the SiO^ displaces the CO2, and forms a 
clear glass of sodic silicate. The alkaline carbonate should not be 
employed in excess. Calcic and magnesic silicates do not dissolve 
to a clear bead as a rule. 

Beyond identifying silica and obtaining a general knowledge of 
the nature of any silicate under examrination, respecting its fusi- 
bility, state of hydration, etc., the blowpipe reactions fail to supply 
distinguishing tests regarding the chemical composition of i^ese 
bodies, since a very large number of silicates diffeirfrom each other 
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merely in the relative proportions of their component metallic 
elements. 

REACTIONS IN THE WET WAY. 

All silicates may be divided intx> — 

1. Silicates which are soluble in water, including only potassic 
and sodic silicate ; and 

2. Silicates, insoluble in water, including all others. 

These latter silicates are either soluble in concentrated hydro- 
chloric or sulphuric acid, or partly soluble and partly insoluble, or 
lastly, insoluble in these acids. 

All insoluble silicates are attacked by hydrofluoric acid, with 
disengagement of silicic fluoride, or by fusion mixture (or caustic 
baryta) at a high temperature. 

By treating an aqueous solution of sodic silicate, SiNaoi, with 
dilute hydrochloric acid, it is decomposed into NaCl and SlHoi. 
The latter remains either dissolved in the acid, or is partially sepa- 
rated as a flaky or gelatinous mass. On. evaporating in a porcelain 
dish over a water-bath, the gelatinous mass becomes firmer, and can 
be broken up, by means of a glass rod, into lumps, which speedily 
lose their water, leaving anhydrous silica, especially on being ignited 
on a sand-bath, as long as acid fumes are evolved. The dried mass 
is treated with a little concentrated hydrochloric acid and hot water, 
when NaCl is dissolved out (together with small quantities of Al 
and Fe — impurities in the sodic silicate). The impalpable powder 
of amorphous silica is thrown on a filter and washed with hot water, 
dried and ignited. 

AmCl and COAmos precipitate SiHoi from a solution of sodic 
silicate. Salts of most of the heavy metals, as well as of the alka- 
line earthy metals, form hy double decomposition with a soluble 
silicate, white or yellowish- white silicates, soluble in dilute hydro- 
chloric or nitric acid, which, however, possess no characteristic 
properties. It is, therefore, necessary to remove the silica in order 
to detect bases, by evaporating to dryness with hydrochloric acid. 
On digesting the dry mass with a little hydrochloric acid, the 
metallic oxides are dissolved, and can be separated by filtration from 
the silicic anhydride. SiO<;, like PaOg, is detected whilst testing for 
bases. 

Most natural a/nd artificial silicates are insoluble in water. Many, 
e.g., zeolites, as well as certain artificial silicates, such as slags from 
blast furnaces, etc., are decomposed on digesting the finely powdered 
silicate with concentrated hydrochloric acid. The gelatinous mass 
is evaporated to dryness on a water-bath, when amorphous silica 
separates. 

Silicates, such as kaolin, whi-ch are not dissolved by hydrochloric 
acid, can frequently be decomposed, either partly or wholly, by hot 
concentrated sulphuric add ; many natural silicates yield more or 
less silica, on treatment with hydrochloric acid, which silica may be 
taken to represent the soluble silica or the decomposable silicates, 
leaving the greater portion of the mineral behind in an insoluble 
condition. 
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Silica, or silicates insoluble in acids, are readily attacked by 
gaseous hyd/rofluoric acid, or fluorspar, and SO2H02, gaseous SIF^ 
being given off. This method is invariably resorted to whenever 
alkalies are present in a silicate, as e.g., in felspar, SieOsKogAUo^. 
A little of the finely powdered silicate is moistened with strong 
ammonia, put into a platinum crucible or small platinum capsule, 
and exposed to the action of gaseous HF. This gas should be gene- 
rated in a leaden or platinum vessel. The platinum crucible is to 
this end placed in a small leaden basin, which can be closed with 
a lid of the same metal. A layer of fluorspar is put at the bottom 
of this vessel, mixed and covered with concentrated sulphuric acid. 
The platinum crucible rests on a leaden tripod. The leaden vessel 
after being covered and luted with moist linseed meal, iff placed for 
a day or two in a warm place. The crucible is then taken out, and 
its contents cautiously evaporated by applying a gentle heat, as 
shown in Fig. 18, from the upper part of 

the crucible downward, till the whole of i' 

the ammonic fluoride has been driven off. 
The dry residue is dissolved in hydro- 
chloric acid, and tested for bases. A 
small residue is usually left, which is 
filtered off and treated once more in the 
same manner. 

The same result may be obtained more 
expeditiously by treating the mineral in 
a platinum crucible with liquid hydro- 
fluoric acid, and evaporating cautiously 
in a closet which stands in connection 
with the chimney, and which has a good 
in-draught of air. The residue is dis- 
solved in hydrochloric acid. Any inso- 
luble residue which may be left is sepa- fio. is. 
rated by filtration and treated again 

with hydrofluoric acid. This treatment has generally to be repeated 
several times, before the whole of the bases are obtained in a soluble 
condition. 

Treatment with CaFj and concentrated SOjHoj is objectionable, on account 
of the formation of insoluble SOHo2Gao''. 

All silicates insohible in water and adds, no matter whether they 
contain alkali metals or not, may be decomposed by fusion with alha- 
Ivne carbonates (fusion mixture). They are first ground up very 
finely in an agate mortar, then intimately mixed with three to four 
times their weight of fusion mixture and heated in a platinum 
crucible as long as any CO2 is given off". This may be done over a 
good Bunsen gas lamp or by means of a Herapath gas blowpipe. 
(A platinum crucible can be employed with safety only when the 
absence of easily reducible and fusible metals has been established 
by a preliminary examination of the silicious substance in the dry 
way.) The silica is thus obtained in combination with the alkalies 
and dissolves in hot water, and the bases (CaO, MgO, AljOa, 
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FOjOt, etc., etc.) are left as insolnble oxides or carbonates, and 
may be separated bj filtration ; or the whole mass is at once treated 
with dilute hydrochloric acid and evaporated to dryness. Silicic 
anhydride is left, and the bases are removed a^ chlorides by filtra- 
tion. It is obvious that we must examine for the alkali bases in a 
separate portion, by treatment with hydrofluoric acid. 

Pure amorphous silica dissolves completely, when boiled in a 
platinum vessel with an aqueous solution of fixed caustic or car- 
bonated alkalies. 

SIO2 is separated from TIO3 (titanic anhydride) by fusion with SOjHoKo 
in a platinum crucible, and subsequent treatment with water ; the SlOj remams 
undissolved. The TIO2 is precipitated from the acidulated aqueous solution by 
long-continued boiling. 

QUESTIONS AND EXERCISES. 

1. G-iye instances of crystalline and amorphous silica. 

2. Describe the reactions for SlOj in the dry way. 

3. Classify silicates according to their solubility in water and acids. 

4. Explain the action of flF, or of CaFj and concentrated SOsHog, upon 

silicates. 
6. Describe how amorphous silica is obtained from SlN'ao4, firom quartz, or from 
felspar. 

6. How would you ascertain the presence of potassium or sodium in a silicate^ 

soluble in HCl, and in a silicate, insoluble in HCl, e.g., in Bohemian 
glass? 

7. What is the action of caustic and carbonated alkalies upon amorphous 

silica? 

8. How is TIO3 separated from SlOj ? 

9. How is silicon detected in pig iron ? 



BORIC ACID^ BH03 (Orthoboric acid).— Is found in nature, 
both combined and in the free state. 

REACTIONS IN THE DRY WAT. 

Most borates swell up when heated by themselves, and fuse into a 
transparent glass which dissolves metallic oxides, producing various 
colours. The free acid forms scaly crystals, possessing a pearly 
lustre and feeling peculiarly greasy to the touch. 

When heated to 100° C. the crystals lose water and become con- 
verted into metaboric acid, BOHo. This acid fases to a colourless, 
transparent, glassy-looking mass, — boric anhydride, BgOa, which can 
be kept in a liquid condition without loss from volatilisation. 

A mixture of SO2H0K0 and a borate, heated on a platinum wire 
in a blowpipe flame, imparts a green colour to the flame, owing to 
the liberation of boric acid. 

To detect traces of boric acid before the blowpipe, the borate is 
powdered and mixed with SO2H0K0 and CaF2.* (Comp. page 131.) 
The mixture is made into a stiff paste with a few drops of water, 

* Three to four parts of the flux (consisting of one part of powdered CaF 
and four and a half to fiye parts of SO^HoEo). 
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and cautiously introduced, on the loop of a platinum wire, into the 
inner blowpipe flame, when the onter flame acquires momentarily a 
yellowish-green tint, owing to the volatilisation of boric fluoride, BFs. 
Phosphates as well as copper salts, when moistened with sulphuric 
acid and heated in the outer flame, give likewise a green tint to the 
flame. 

REACTIONS IN THE WET WAT. 

We employ A solution of boeax, B406Nao2. 

The alkaline borates are sohihle in water, all others are difficultly 
soluble, but none are absolutely insoluble. All borates dissolve in acids 
and amnionic chloride. 

The precipitates produced by double decomposition of a soluble 
alkaline borate with salts of the alkaline earths, or with plumbic, 
argentic, mercurous, or ferrous salts, etc., are white or yellowish 
white, and are readily soluble in acids and ammonic chloride. 

The free acid dissolves in water and alcohol, and its solutions 
impart to a Bunsen gas flame 2^ fine green colour. An alcoholic solu- 
tion placed in a porcelain dish bums, when ignited, with the same 
characteristic flame, and the colour becomes all the more perceptible 
when the burning alcohol is stirred with a glass rod. It does not 
show in the presence of alkaline hydrates or carbonates, or of any 
other base. The reaction is equally vitiatednby the presence of sodic 
or calcic chloride, or even by the presence of small quantities of an 
alkaline tartrate, free tartaric or phosphoric acid; but the green 
becomes again perceptible on the addition of a little concentrated 
sulphuric add. 

A green flame (of a somewhat greenish-blue tint, however) is obtained also 
by heatiag many metallic chlorides with alcohol and concentrated sulphuric acid 

(owing to the formation of ethylic chloride, < CH^Cl^' ^^ ^^ passing hydro- 
chloric acid gas into the flame of burning alcohol. 

Boric acid, when combined with bases, requires first to be 
liberated, by the addition of a little concentrated sulphuric acid, 
before its alcoholic solution can produce the green flame. 

If a borate cannot be decomposed by sulphuric acid, it is fused 
with potassic hydrate, and the fused mass taken up with alcohol. 
On the addition of concentrated sulphuric acid, the burning alcohol 
shows the characteristic green flame. 

An aqueous solution of boric acid cannot be evaporated without 
loss of acid from volatilisation. 

An alcoholic solution of boric acid colours turmeric paper reddish 
brown, especially on drying the strips of paper in a warm place (a 
water-oven). This colour becomes more intense in the presence of 
hydrochloric or sulphuric acid (even in the presence of nitric or 
tartaric acid). The colour produced by heating turmeric paper 
with hydrochloric acid is blackish brown, and must not be con- 
founded with the colour produced by boric acid. The dried paper 
acquires a blackish tint when dipped into alkalies. 



144 HYDROCYANIC ACID, 

Hydrofluoric aoid (or SO^Hos and OaFj), dooompoBM all boratflfl, with for- 
mation of Tolatile boric fluoride, thuB : — 

BfOtNao, + 6CaF, + rSOjHo, » eSOHojCao" + SOjNao, + 2BF, + OHf. 

and if the gaseous boric fluoride be passed into water, it forms a peoutiar acid — 
hydrofiuohoric acid ^ the constitution of which is not well understood, thuB : — 

4BF3 + SOH, » 3(BFs,HF) + BHo, . 

Hjdrofluoborio 
acid. 

This acid combines with bases, forming horofluoridet or Jlnoboratet, thua : — 

BFs^HF ■«- £Ho » BF3,KF + OH^. 

QUESTIONS AND EXEECISES. 

1. How is metaboric acid obtained ? 

2. Explain the reactions in the dry way for boric acid or borates. 

3. Classify borat.s according to their solubility in water. 

4. Explam the colour test for boric acid. 

5. How are borates, insoluble in water, examined ? 

6. Explain the action of HF upon boric acid. 

7. State how you would prepare argentic borate, plumbic borate, hydiofluoborie 

acid, and potassic fluoborate. 

8. Explain the action of boric add upon turmeric paper. 



HYDROCYANIC ACID (Prnssic a^id), HCy.— This acid* 
consists of hydrogen and the compound radical cyanogen, Cy, mole- 

{'C'N'" 
'C'W' ^^ ^orms with metallic oxides salts, called cyanides^ 

analogous in their chemical constitution to chlorides, bromides, etc. 
Cyanogen cannot be obtained by the direct combination of carbon 
and nitrogen, but an alkaline cyanide results from the action of 
caustic or carbonated alkalies upon nitrogenous organic bodies, such 
as fibrin, albumen, and gelatin at a high temperature. The best 
known cyanide, viz., potassic cyanide, KCy, unless specially purified, 
contains more or less potassic cyanate, CyKo, and potassic car- 
bonate. 

EBACTIONS IN THE DRY WAT. 

KCy and NaCy are not decomposed upon ignition in close 
vessels, as may be inferred from their mode of manufacture ; but 
when heated with fi'ee access of air, they are converted into cyanates. 
The same change takes place, only more speedily, when potassic 
cyanide is heated with less energetic oxidizuig agents, such as 
MnOa, PbO, CuO, SnOs, etc., when the metal, or a lower oxide is 
left. Heated in the presence of metallic sulphides, it is converted 
into potassic sulphocyanate, CyKJs. Potassic cyanide is on this 
account a most valuable deoxidizing (desulphurizing) agent, and is 

• The compounds which the radicals cyanogen, ferro- and ferricyanogen, etc., 
ajre capable of forming will be treated somewhat more fully, since a thorough 
understanding of the yarious reactions is necessary, in order to BucoeBBfuUy 
analyse cyanogen compounds. 
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employed in blowpipe reactions, whenever a metallic oxide (or sul- 
phide) has to be reduced to the metallic state. Cyanides of the 
heavy metals undergo decomposition upon ignition ; some (e.g., the 
cyanides of the noble metals) break up into metal and cyanogen 
gas ; others into a metallic carbide and nitrogen (e.g., the cyanides 
of iron) ; others again (such as AgCy, HgCyz, CuCy2, Z11CJ2) 
yield cyanogen gas, metallic silver, mercury, etc., and paracyanogen, 
— a brownish-black substance, which is isomeric with cyanogen, 
and which is usually expressed by the symbol, Cyn. 

This deportment of soHd cyanides furnishes us with ready means 
of preparing cyanogen gas, either by igniting d/ry HgCyj, or AgCy ; 
or by heating two parts of dry yellow jprussiate of potash, or commer- 
cial potassic ferrocyanide, KiPeCye, wit'h three parts by weight of dry 
HgCl2. 

Oyanogen is a colourless gas, of peculiar odour, burning with a 
beautiful purple or peach-blossom coloured flame, and yielding COj 
and N. The gas is nearly twice as heavy as air (sp. gr. 1*8), and 
since water dissolves about four times its own volume it must be 
collected over mercury, or by downward displacement. It is one of 
the few gases which condense at a moderate pressure (3*6 atmo- 
spheres). 

REACTIONS IN THE WET WAT. 

The cya/mdes of the alkali metals and alkaline earthy metals 
are soluble in water, the former readily, the latter with difficulty. 
The cyanides of the heavy metals are insoluble in water, with the 
exception of HgCy2 ; but are for the most part soluble in a solution 
of potassic cyanide, forming soluble double cyanides, which are fre- 
quently crystalline, and which upon ignition are decomposed like 
single cyanides, i.e., the cyanide of the heavy metal breaks up into 
metal and cyanogen, or metal, carbon (carbide?) and nitrogen, 
whilst the alkaline cyanide is not decomposed, and can be dissolved 
out from the residue. 

The following is a list of some of the more important single 
cyanides, i.e., cyanides which contain only one metal : — 



Potassic cyanide, soluble in water 
Sodic 



ft » >» 



Baric „ diflS^cultly soluble in water 

Zincic „ insoluble in water . . 

Gadmic 

Nickelous 

Gobaltous 

Ferrous „ „ „ 

Cuprous „ „ „ 

Mercuric „ soluble in water 

Argentic „ insoluble in water 



ft ft ft 

ft it ft 

ft )» tt 



KCy 

NaCy 



tCya 

ZnCya 
CdCya 
WiCy, 
CoCy2 
PeCy, 

'Cu'sCys 
KgrCya 
AgrPy. 



Some of these single cyanides are readily decomposed by acids, 
with evolution of hydbrocyanic acid ; others, especially the cyanides 
of iron, cobalt, and the noble metals (Au,Pt), may be boiled with 
moderately strong acids, without decomposition. 

L 
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The actum of dilnte acidB npon doable cyanides shows deari j 
the existeooe of two distinct classes of double cynnides, via. : — 

1st. Double cyanides which are readily decomposable^ giving qf 
hydrocyanic add, when heated with dilute mineral acids. Thej pos- 
sess an alkaline reaction. Their alkaline cyanide is decomposed by 
dilate mineral acids into HCy and a salt of the alkali metal, and 
into a cyanide of the heayy metal, which remains in combinatian 
with the liberated HCy ; or the latter is evolved and the metallio 
cyanide is precipitated ; or both cyanides are decomposed, and the 
whole of the HCj is liberated, e,g, : — 

(1) KAgCj, + NO,Ho = AgCy + HCj -f NOtKo. 

Precipitated. 

(2) Kj|Zn"Cy4 -f 4HC1 = ZnCl, + 2KCI -h 4HCy. 

2nd. Double cyanides which possess a neutral reaction and give off 
no hydrocyanic acid, when treated with dilute hydrochloric cudd, the 
negative element of the acid forming a salt with the alkali metal^ whilst 
the hydrogen or positive element, by uniting with the remaining 
elements, &>rms a new acid of a more complex nature, thua:^ 

K^FeCy, + 4HC1 = H4FeCy4 + 4KC1. 

Hydpoferrocyanic 
acid. 

KtFeaCy,, + 6HC1 = HiFe^Cyi, + 6KC1. 

Hydroferricyaiiic 
acid. 

KeCoaCyij + 6HC1 = HeOojCyn + 6KCI. 

Hydrooobalticyanic 
add. 

The single, as well as easily decomposable double cyanides, whidb 
yield hydrocyanic acid, when treated with dilute mineral acids, are 
moreover remarkable for their highly poisonous character, whilst 
these latter — ^the double cyanides containing a non-decomposable 
cyanogen radical {e.g.,ferrocyanogen, FeCye, cohaliicyanogen^ CojCyia) 
— are not poisonous. 

It is obvious that all these complex cyanogen compounds — ^both 
decomposable and non-decomposable — ^may likewise be viewed as 
double cyanides. 

The following list* contains some of the more interesting double 
cyanides, ^^e., cyanides containing more than one metal ; the easily 
decomposable class being indicated by a comma placed between the 
cyanogen and the metal :— 

PipotaBffic zincic tetracyanide K3Zii,Cy4. 

„ cadmio „ K3Cd,C^4. 

f, nickelouB „ KsNi^Cyi. 



* Kekul^, Lebrbuch der organiiohen Chemie, I, p. 814. 
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Potassic argentic dicyanide KAgjCyj. 

„ aurous „ KAu'^Cys. 

„ auric tetracyanide KAu'",Cy4. 

Dipotassic cuprous tetracyanide K2'Cu'2,C3r4. 

„ platinous „ K2Pt",Cy4. 

Tetrapotassic diplatinic decacyanide K^/Ft'^'fijiQ, 

„ ferrous hexacyanide (potassic 

ferrocyanide, yellow prassiate) K4,FeCy8. 

Hexapotassic diierric dodecacyanide (potassic 

f erricyanide, red prussiate) K^jFejCyij. 

Hexapotassic dicobaltic dodecacyanide (potas- 
sic cobalticyanide) K«,Co2Cy],. 

Hexapotassic dichromic dodecacyanide .... XsjCrjOFis. 

„ dimanganic „ .... K8Mn2,Oyi2. 

If we take, however, into account the different deportment of 
these double cyanides with dilute acids and with ferroso-ferric salts, 
with which the easily decomposable double cyanides give, from an 
acid solution, a precipitate of Prussian blue, whilst the others — the 
difficultly decomposable double cyanides — yield no hydrocyanic acid 
when treated with dilute acids, and produce (with the exception of 
the ferro- and ferricyanogen compounds), no precipitate of Prussian 
blue with ferroso-ferric salts and hydrochloric acid, it becomes 
evident that the complex groups of elenLents, ferrocyanogen, FeOy«, 
ferricyanoyen, Fe2Cyi2, cohalticyanogen, Co2Cyi2, etc., which behave 
like cyanogen (itself a complex group of two elements, of carbon and 
nitrogen, or a compound radical) ma,y likewise be viewed as compov/nd 
roMcals,* if by this term we denote a group of common and constant 
constituents found in a whole series of compounds, and capable of 
replacing multiples of CI, Br, etc., in constant atomic proportions. 

We are able, for instance, to produce by double decomposition, 
precipitates with soluble salts of almost all the heavy metals in 
which the potassium — or positive radical — ^is either entirely or 
partially exchanged for an equivalent quantity of a heavy metal, 
whilst the negative group of elements remains unaltered, thus : — 

KiFeOye + SO2CU0" = K20u"FeCy6 + SO2K03, or 
K4FeCy6 + 2SO2OU0" = Cu"2FeCye + 2SOaKo3. 

On the addition of an alkaline hydrate or carbonate, the whole of 
the heavy metal is removed as hydrate, with formation of potassio 
ferrocyanide. 

Easily decomposable soluble double cyanides give likewise preci- 
pitates with solutions of heavy metals, e.^., 

2KAgCya + SOjZno" = Zn"AgaCy4 + SCKo, ; 

Precipitated. 

but there is no evidence to show whether these precipitates are real 

• Compound bodies containing the complex radicals ferro- ferri-, etc., 
cyanogen are viewed here as molecular compounds, and no constitutional formulas 
haye been attempted, although it would not be difficult to assign such formula 
to them, if the functions which the carbon and nitrogen atoms play in thes« 
compounds were sufficiently established. 

L 2 
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oomponnds, or only mixtures of ttoo insolnble cyanides ; nor is there 
any proof that alkaline hydrates reproduce the original double cya- 
nide. Dilute sulphuric acid decomposes ZnCy, in the above preci- 
pitate, AgCy being precipitated ; just as if no connection had ap- 
parently existed between the two cyanides. Alkaline hydrates or 
carbonates are without action upon easily decomposable cyanides. 
A few are decomposed by sulphuretted hydrogen, e.g., KaCdCy*, 
KsHgCy*, KAgCy2, with precipitation of a metallic sulphide; in 
others, such as KaMnCy*, K2NiCy4, K2ZnCy4, and KiGuCy*, the 
metal is only partially precipitated as sulphide, whilst KiFe"Cy4 
and KjCo^'Cy^ are not precipitated at alL 

It is evident from these changes that easily decomposable and 
difficultly decomposable double cyanides (ferro-, ferri-, cobalti-, and 
chromi-cyanides) differ not so much in their chemical structure and 
habitus, as in the degree of stability which they exhibit, varying 
with the individual nature of the metal which they contain. 

We employ a solution of potassic cyanide, KCy. 

NOaAgo gives a white curdy precipitate* of arscntle cyanide, 
AgCy, insoluble in dilute nitric acid ; soluble in ammonic hydrate, 
sodic hyposulphite, and potassic cyanide. The precipitate resembles 
AgCl so very closely that special experiments are required to dis- 
tinguish it from the latter, or to detect hydrocyanic acid in the 
presence of a chloride. 

On igniting a mixture of AgCl and AgCy, which has been 
entirely freed from argentic niti*ate by washing with hot water, 
AgCy is decomposed into cyanogen, metallic silver, and para- 
cyanogen. AgCl, on the other hand, fuses without decomposition. 
On dissolving the residue in nitric acid and filtering, a precipitate 
of AgCl is obtained on the addition of hydrochloric acid of a soluble 
chloride, the silver of which must have been present originally as 
cyanide. (Distinction between HCl and HCy.) 

Dilate mineral acids decompose potassic cyanide with evolution 
of HCy. On decomposing, therefore, a small quantity of KCy by 
dilute sulphuric acid, in a small porcelain dish, and inverting 
another small dish, containing a drop or two of yellow ammonic 
sulphide, over it, the gaseous hydrocyanic acid, acting upon the 
ammonic sulphide, forms ammonic sulphocyanate, CyAms, and 
AmHs, thus ; — 

S^^Am, + HCy = CyAms -h AmHs, 

which gives, on acidulating 'with hydrochloric acid, a characteristic 
hlood-red coloration with Pe2Cl6. 

This constitutes one of the most delicate reactions for free hydro^ 
cyanic acid, as well as for soluble or easily decomposable cyanides, 

SO2CU0", to which a solution of SOH02 has been added, gives 
with KCy a white precipitate of cuprous cyanide, 'Cu'jCya, soluble 
in potassic cyanide (Kg'Cu'aCy*). 

* Ilg^pjs ^ T^ot precipitated by argentic nitrate. 
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N204Hg2o" gives a grey precipitate of metallic mercury, whilst 
HgCya remains in solution, thus : — 

'Hg'^Cya = Hg + HgOy2. 

Iron salts are among the most delicate reagents for hydrocyanic 
acid or for soluble cyanides, on account of their tendency, especially 
in the presence of potassic hydrate, to form difficultly decomposable 
double cyanides (containing the compound acid radicals ferro- and 
ferri-cyanogen), which are of a characteristic blue colour. (Hence 
the name cyanogen, from icvavo^^ blue, and r^ewdu, I generate.) The 
solution containing hydrocyanic acid or a soluble cyanide is first 
treated with a little potsissic hydrate, then with a mixture of a ferrous 
and ferric salt (obtained by exposing a solution of ferrous sulphate 
for some time to the air) and heated. On the addition of dilute 
hydrochloric acid, in order to dissolve the ferrous and ferric hydrates, 
which are likewise precipitated by potassic hydrate, a fine blue pre- 
cipitate of Prussian blue is obtained. The changes may be expressed 
by the eqaatioDS : — 

(1) KHo -f HCy = KOy + OH2. 

(2) SOaFeo" + 2KCy = Fe"Cy2* + SO2K02. 

PeOy2, by combining with 4KCy, forms the soluble double 
cyanide K^FeCye. 

(3) 2S30«Fe20^ + SKiFeCye = 3Fe"Cy2,2'Fe"'2Cy6 + 6SO2K02. 

Free hydrocyanic acid dissolves mercuric oxide, with formation 
of mercuric cyanide which is not precipitated by alkalies. 

The alkali salts of the compound cyanogen radicals, FeCye, 
Fe2Cyi2, Co2Cyi2, are decomposed by moderately concentrated sul- 
phuric acid with evolution of hydrocyanic acid. 

This furnishes us with a convenient method for preparing hydrocyanic acid. 
Ten parts by weight of K4FeCy6 (yellow prussiate of potash) are distilled in a 
flask or retort with 36 to 40 parts of dilute sulphuric acid (one of acid to six of 
water). The flask or retort is connected with a Liebig'e condenser and double- 
necked receiver from which any uncondensed gas can be carried under a Bunsen 
lamp, and burnt. Every joint should be made perfectly tight, and the con- 
denser-tube should dip into the water placed in the receiver. The reaction takes 
place according to the equation :— 

2K4FeCy6 + 3S02H:o2 = 6HCy + KaFe^FeCye + 3SO2K02. 

White residue 
turning blue by exposure 
to the atmosphere. 

Hydrocyanic acid is exceedingly poisonous. Small quantities of 
the gaseous acid, when inhaled, cause a peculiar sensation in the 
throat and are followed by headache, giddiness, and other disagree- 
able symptoms. Great care must therefore be taken in operating 

* FeCya is difficultly obtained in an isolated condition, as it forms, in the. 
presence of KCy, potassic ferrocyanide, KiFeCye, containing the compound 
cyanogen radical FeCye, which in its turn reacts upon the ferric salt. 
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with HCy, 843 for instance on ponring it fix)m one vessel to another, 
or with cyanogen componnds generally, and for the pnrposes of 
analysis small quantities only shonld be operated upon at a time. 



HYDROFERROCYANIO ACID, H4FeCy6. — This acid is 
tetrahasiCf i.e., its four hydrogen atoms can be replaced by four 
atoms of a monad or two atoms of a dyad metal. The potassium 
salt is prepared on a manufacturing scale by introducing nitrogenous 
animal substances (horn-shavings, etp.) and iron into fused wood- 
ashes. The fused mass is ludviated with water and the salt allowed 
to crystallise out. It may also be prepared by decomposing Prussian 
blue with KHo or COKoj and separating the ferric hydrate by 
filtration, thus: — 

3Fe"Cy2,2'Fe"'2Cye + 12KHo = SKiFeCy^ + 2Pe2Ho6. 

Potassic ferrocyanide, K4FeCy6 + 3Aq, crystallises in large 
lemon-yellow crystals ; hence its name yellow prussiate of potash. 
Its positive element (potassium) can, by double decomposition, 
be replaced by other metals, either entirely or partially, and the 
property of cyanogen to form double cyanides is well illustrated 
by the deportment of the more complex ferrocyanides. This will 
be seen from the following list of some of the more common 
ferrocyanides : — 

K4FeCy6 + 3Aq. KaCa^FeCye + 3Aq. 

Na4FeCy6 + 6Aq. CugFeCye + 4Aq. 

Am4FeCy6 + 3Aq. KjCu^FeCye + 2Aq. 

Ba^sFeCys + 6Aq. KaFe'^FeCyg. 

KaBa^FeCyg + 3Aq. NaKaFeCye + 3Aq. 

Ca^aFeC^e + 12Aq. ArnKsFeCyj + 3Aq. 

BEACTIONS IN THE DRY WAY. 

B[4FeCy6 fuses, when strongly ignited, and breaks up into nitro- 
gen, potassic cyanide, and carbide of iron, or a mixture of carbon 
and iron ; thus : — 

K^FeCye = 4KCy -f C2Fe + N,. 

Heated with free access of air, or in contact with metallic oxides, 
the KCy is further converted into potassic cyanate, CyKo. 

REACTIONS IN THE WET WAY. 

We employ A solution of potassic ferrocyanide. 

The alkaline ferrocyanides are readily soluble in water, the alkaline 
earthy ferrocyanides are difficultly soluble ; those of iron and most 
other metals are insoluble in water, and many of them also insoluble in 
acids. They are decomposed on boiling with potassic hydrate with 
formation of a solution of potassic ferrocyanide, and an insoluble 
metallic hydrate. Some ferrocyanides are remarkable for their 
characteristic colour, notably so those of iron and copper ; others 
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are white, e.g., those of the alkaline earthy metals, of Zn, Pb, Ag, Hg ; 
greenish white, e.g., Ni"2FeCy6, Co"2FeOy6 ; reddish white, e.g., 
Mn"2FeCy6. Potassic ferrocyanide is employed, on this accotint, as 
a nsefal reagent in the qualitative examination of metals, especially 
of iron and copper. 

N 02 Ago prodaces a white precipitate of arsentlc ferrocyanide, 
AgiFeCye, insoluble in dilute nitric acid and ammonic hydrate, 
soluble in potassic cyanide. 

SO2CU0", added in excess, gives with a solution of 'EUFeCje a red 
(^chocolate-colcyiired) precipitate of dlcuprlc fem»eyaiilde, Cu' 2FeCyi, 
whilst an insufl&cient amount of the cupric salt gives a brown pre- 
cipitate of dlpotasslc cupric ferrocyanide, K2Cu"FeCy6. 

S02Feo" gives a light blue precipitate of dipotassic ferrous ferro- 
cyanide, KjFe'TeCye, thus : — 

K^FeCye + SOaFeo" = KaFe'TeCy. + SO2K0,, 

which is slowly oxidized by exposure to the air, or rapidly, by 
oxidizing agents, such as nitric acid, or chlorine water : a part of the 
potassium being removed as oxide, or chloride, thus : — 

2Fe"K2FeCy« + CI2 = Fe"2K2Fe2Cyi2 -f 2KC1, 

Xiight blue Diferrous dipotassic 

precipitate. ferricyanide. 

or potassic ferricyanide in which four atoms of potassium have been 
replaced by two atoms of dyad iron. 

Potassic ferrocyanide is, in fact, readily converted into potassic f&rri- 
cyanide, K6Fe2Cyi2 (analogous to the conversion of ferrous salts into 
ferric salts), by various oxidizing agents, such as chlorine, nitric 
acid, potassic chlorate and hydrochloric add, etc. 

Pe2Cl« gives an intensely blue precipitate of 3Fe"Oy2, 2'Fe"'2Cye, 
called Prussian blue, thus : — 

aKiFeCy, + PejCle = 3Fe"Cy2,2'Fe"'20y« + 12K01, 

which constitutes at once a most characteristic and delicate reaction 
for ferric salts and for ferrocyanogen (as well as for cyanogen, as 
has been already shown). This precipitate is insoluble in dilute 
mineral acids, but dissolves in oxalic acid to a blue liquid (blue ink), 
and' in ammonic tartrate to a violet liquid. It is decomposed by 
alkalies. On boiling with mercuric oxide, Prussian blue is entirely 
decomposed into HgCy2 and ferrous and ferric oxides, thus : — 

3Fe"0y2,2'Fe"'2Cyfl + 9HgO = OHgCy, + 3PeO + 2PeA. 

By adding an insufficient amonnt of FeaCl^ to a solution of K4FcCyef ft blue 
precipitate is likewise obtained which is, howeyer, soluble in water and is there- 
fore called soluble Prussian blue (used for inks). It is generally thought to be 
composed of one part of Prussian blue and one of potassic ferrocyanide. 

Concentrated sulphuric acid (about 10 parts by weight) decom- 
poses potassic ferrocyanide (1 part by weight of the dry salt) with 
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evolntion of carbonic oxide (method fob pbepaeing carbonic oxide) ; 
the nitrogen of the cyanogen, being converted into ammonia, is left 
as ammonic snlphate, thns : — 

K4FeCy« + 6SO2H02 + 6OH2 = 6C0 + 2S02Koa + SOaFeo" 

+ 3SOaAmo2. 

When concentrated hydrochloric acid is added to an alkaline 
ferrocyanide, hydroferrocyanic acid separates, in the cold, as a white 
crystalline powder which turns rapidly blue. If ether be added to 
the solution of potassic ferrocyanide, previous to its precipitation 
with concentrated hydrochloric acid, the acid is obtained quite 
colourless. 



HYDROPERRIOYANIO AOID, H«Fe2Cyi2.— This acid is 
hexabasic, since its six atoms of hydrogen may be replaced by six 
atoms of a monad metal, or by three atoms of a dyad metal. 
Potassic f erricyanide is derived from KiFeCye by a process of oxida- 
tion, as for instance by passing chlorine into an aqueous solution of 
it, till a solution of ferric chloride produces no longer a blue preci- 
pitate, but imparts merely a brown coloration to the liquid. The 
change is expressed by the equation: — 

2K4FeCye + CI2 = K6Fe2Cyi2 + 2KC1. 

It is effected by the abstraction of two atoms of the metal potassium 
from two parts of KiFeCye. Two atoms of cyanogen are trans- 
ferred to two molecules of PeCy2, whereby the ferrous cyanide is 
converted into ferric cyanide. 

It is also called red prussiate of jpotash, on account of the dark 
red coloured crystals which can be separated from potassic chloride 
by Crystallisation. 

Beducing agents convert it into potassic ferrocyanide, especially 
in alkaline solutions. The transformation is effected by the addition 
of two atoms of the metal potassium. The ferric cyanide in the 
double cyanide is reduced to ferrous cyanide, thus : — 

6KCy,'Fe"'2Cy6 + K2 = 8KCy,2Fe"Oy2, or 2(4KCy,FeCya) 

= 2K4FeCy6. 

The following are instances of indirect oxidation effected by 
potassic f erricyanide : — 



[3 converts the f em- into a ferrocyanide, with separation of sulphur, 
KI „ „ „ with precipitation of iodine, 

CraOa, or its salts, in the presence of KHo, is converted into CrOj, 
PbO „ „ „ „ PbOa, 

KnO „ „ „ „ IMCnOs, 

SnO „ „ „ „ SnOa, 

r COHo 

\COHo " " " **^«» 

KCy „ „ „ CyKo, 

SO3 „ „ „ SOa. 
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NHs gives with K^FeaCjia potassic and amnionic ferrocyanides 
with evolution of nitrogen gas, thns : — 

6K«Fe2Cyi2 + I6NH3 = 9K4FeC76 + 3Am4FeOy« + N*. 

Many organic substances, e.g., sugar, dextrine, starch, alcohol, 
and even paper, are oxidized, in the presence of an alkali, to COt 
and OH2. Indigo is bleached. Phosphorus, sulphur, and iodine 
are converted by the action of K^FeaCyw, in the presence of alkalies, 

into POHo,, SO2H02, 1 Q2^- 

Analogous to potassic ferrocyanide, ferricyanogen forms double 
ferricyanides, by the partial or entire replacement of the six atoms of 
the positive element, potassium, by different metals. The following 
are some of the more important metallic ferricyanides : — 

KfiFeaCyij. Ba"2K2Fe3Cyi2 + 3Aq. 

NaeFeaCyia + Aq. Fe",Fe2Cyi2 (Tumbull's blue). 

Ca"3Fe2Cyi2 + 6Aq. 

REACTIONS IN THE DRY WAT. 

Potassic ferricyanide is decomposed upon ignition, yielding 
cyanogen and nitrogen, and leaving a residue, consisting of potassic 
cyanide, potassic ferrocyanide, Prussian blue, paracyanogen, carbon 
and iron. 

REACTIONS IN THE WET WAT. 

We employ A solution of potassic ferricyanide. 

The alkaline ferricyam^idea are readily soluble m water. The others 
are mostly insoluble. 

"NOzAgo produces an orange coloured precipitate of artrentlc ferri- 
cyanide, Ag6Fe2Cyi2, insoluble in dilute nitric acid, but readily 
soluble in ammonic hydrate and potassic cyanide. 

S02Feo" gives a blue precipitate {TurnbulVs blue) of Fe"8Fe2Cyi2, 
trlferrons ferrlcyantde, which is decomposed by potassic hydrate into 
potassic ferrocyanide and ferrous and ferric hydrates : — 

Fe"3Fe2Cyi2 -f 8KH0 = 2K4FeCy6 + Pe"Ho2 + Pe2Ho6. 

Fe2Cl6 produces no precipitate, but gives a brownish coloration. 
The deportment of potassic ferro- atid ferricyanide with iron salts 
enables us to distinguish between ferrous a/nd ferric salts. 



HTDROCOBALTICTAKIC ACID, H6'Co'''20ji2.— Solutions of cobal- 
tons salts are precipitated by KCy. The precipitate consists of flesh-coloured or 
cinnamon-brown cobaltoiis cyanide, CoCya. Excess of potassic cyanide dissolres 
the precipitate, forming a readily decomposable double cyamde, which, on 
boiling, or on the addition of HCl, is converted into a difficultly decomposable 
double cyanide, analogous to potassic ferricyanide, with evolution of hydrogtn, 
thus : — 

2(4KCy,CoCy2) + 20Ha = KjCoaCyij 4- 2KHo + Hj. 

Potassic cobalti- 
cyanide. 
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This doable cyanide is of fpnat intereft, beosuae ii endbtet ut to 9€pmraie 
cobalt firom nickel, both quaUtattvdjf and quoMiUtMvefy. 



CYAN I C ACID, P7H0. — Obtained in the f orm of potaesic OTanate b^ tha 
oxidation of KCy or K4FcCj6' This salt is yery stable when heated bj itaelf, 
bnt deliquesces in the air, and is broken up bj water into an acid carbonate and 
ammonia, thus : — 

CyEo + 20Hs » COHoKo •»• VHt. 

Potastic emanate is invariablif found in commercial potatnc eythudc, wonu^inum 
to a considerable extent. 

BEACTI0N8 IN THE DBT WAT. 

It acts as a flux in blowpipe reactions, and is apowerful oxidiamff agent. 
When heated with charcoal, it Ib conyerted into £py> CIO and dOj. On hnatiri^ 
therefore, a metallic oxide on charcoal, with TLCy containing C7K0, the oxide u 
reduced to the metaUic state. 

REACTIONS IN THE WET WAT. 

Hie cyanates of the alkalies, alkaline earths, and a few metaUic oxidst are 
soluble in water, but decompose rapidly with evolution of ammonia. If OjAto pro- 
duces with potassic cyanate a white precipitate of arsentle eyanaie, CyAgOy 

soluble in amnionic hydrate, and in dilute nitric acid ; AgCy is insMble in nitno 
acid. 

Moderately concentrated sulphuric or hydrochloric acid decompoees C|yKo 
with efiervescenco, owing to the liberation of CyHo, which affects the eyes most 
painfully and is recognized by its pungent odour, resembling that of strong 
acetic acid ; the greater portion of the liberated acid is, howeyer, deoomposed at 
once by water into COj) and an ammonic salt, thus : — 

2Cy£:o + 2SO2H02 + 2OH3 « 2COs + SO3K03 + SOjAmos, 

and it is by testing for ammonia, by means of caustic lime, that its presence can 
be shown. 



SUIiPHOCYAKIC ACID, GyHs.— Obtained in combination with potas- 
sium by heating KOy with sulphur or a metaUic sulphide. Hence the useralneaa 
of potassic cyanide for reducing metallic sulphides in blowpipe reactions. 

BEACTIONS IN THE DET WAT. 

CyKs can be fused out of contact with the air, without undergoing decom- 
position. It turns first brown, then green, and lastly indigo blue, but becomes 
again colourless on cooling. In contact with the air, QjKa is conyerted into 
cyanate and sulphate, with disengagement of SO3. Tlie sulphocyanates of the 
heayy metals are decomposed upon ignition, CSj being giyen off at first, and on 
raising the temperature a mixture of nitrogen and cyanogen is eyolyed, whilst a 
metallic sulphide is left : — 

4^Cu8" = Ns + S-fg^ + 2CSa + 4CuS. 

REACTIONS IN THE WET WAT. 

We employ a bolution of ammonic sttlphdctanatb, GyAms. 

If OsAgo produces a white curdy precipitate of artrentlc sulphocyanatey 
CyAgs, insoluble in water and in cQlute acids ; it is soluble in ammonic hydrate, 
from which it crystallises out on eyaporation. It is also soluble in CyAms or 
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OjKs, forming a double sulphocjanate (OjAgs, GjKs), from which water or 
hydrochloric acid precipitates granular — ammonio hydrate, ciystalline OyAgs. 
SOsOuo'' giyes a block crystalline precipitate of cuprlc ftulphocyanate, 

pZCus'^ which on standing in the liquid is converted into cuprous sulpha- 

cyanate. Q^Ougs''. This characteristic cuprous salt is obtained instantly by 

adding SOH02, or a solution of a ferrous salt to the cupric salt. 

FdjOle produces an intensely red solution, owing to the formation of a soluble 
ferric snlphocyanate, CyeFe^s^^. Alkaline sulphocyanates furnish us, on this 
account, with a most delicate reaction for ferric salts. This reaction serves also 
for the detection of sulphocyanogen and hydrocyanic acid. The blood red colour 
is destroyed by Ilg^Ols. On introducing some metallic zinc into the blood red 
solution, SH2 is eyolyed. 

QUESTIONS AND EXERCISES. 

1. Explain the derivation of the term cyanogen. 

2. Why are j |«^, FeCye and FeaCyis viewed as compound radicals ? 

3. How are KOy and 'K.^eCj^ prepared ? Describe their properties, as far as 

the analytical data illustrate them. 

4. Explain the action of heat upon KOy and K4FeOy6, Ist, out of contact with 

air ; 2nd, with free access of air. 

5. What constitutes the usefulness of KOy as a reagent for blowpipe experi- 

ments ? • 

6. Explain the changes which cyanides of the heavy metals undergo upon 

ignition. 

7. How would you prepare cyanogen gas ? Describe its properties. 

8. Classify cyanides according to their solubility in water. Enumerate some of 

the more important single cyanides. 

9. What is understood by soluble double cyanides P How are they classified, 

and how can the easily decomposable double cyanides be distinguished 
from the difficultly decomposable double cyanides ? 

10. Enumerate, Ist, easily decomposable double cyanides ; 2nd, difficultly decom- 

posable double cyanides. 

11. G-ive reasons for the existence of the compound radicals ferro-, ferri- and 

cobalticyanogen in the double cyanides K4FeCy6, Pb^sEejCyu, 
Cu^aCoaCyij. 

12. Explain the action of' dilute acids upon single cyanides and upon easily de- 

composable double cyanides. 

13. Explain the difierence between a precipitate, produced by a solution of a salt 

of a heavy metal with a solution of an easily decomposable double cyanide, 
or with an alkaline ferro- or ferricyanide. 

14. What is the action of hydrated and carbonated alkalies upon the two classes 

of double cyanides p 

15. Explain the action of SH3 upon the following cyanides and double 

cyanides; KgrC^s, K:3CdCy4, KAgCy2, K:2MnC^4, B:2CuCy4, K2CoCy4, 
K2NiCy4. 

16. How is AgCy distinguished from AgCl P 

17. Describe the action of HCy upon S3Am2, and explain how traces of HCy 

can be detected, in the presence of ferro- or ferricyanogen compounds. 

18. How would you demonstrate the greater stability of AgpCl2 over that of 

KgrCy2? 

19. Explain the use of ferroso-ferric salts for the detection of HCy. 

20. How is HCy prepared P Describe its properties. 

21. Describe shortly how yellow prussiate of potash can be prepared. 

22. Enumerate some of the more common ferrocyanides. 

23. How would you examine a ferrocyanide insoluble in acids, e.g., Prussian 

hluel 
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24. Explain the action of EHo upon Prussian blue and upon TumhulVs blue. 

25. Explain what reactions ferrous and ferric salts give with ferro- and ferri- 

cyanides. 

26. Explain the formation of soluble Prussian blue. 

27* What is the action of dilute or of concentrated sulphuric acid upon potassic 
ferrocyanide ? 

28. State how H4FeOy6 is prepared. 

29. Explain the conversion of potassic ferro- into ferricyanide. 

80. Give instances of the oxidising action of potassic ferricyanide in alkaline 
solutions. 

31. Enumerate some of the more important metallic ferricyanides. 

32. How can argentic ferro- and ferricyanides be separated from each other ? 

33. What decomposition takes place when ferro- and ferricyanides are fused with 

a mixture of ammonic sulphate and nitrate ? 

34. How is CyHo recognized in the presence of a cyanide ? 

35. What is the action of concentrated SO3H02 upon a cyanate ? 

36. What reactions take place when potassic cyanate is heated with charcoal, 

with MnOa or with OH2 ? 

37. Explain the formation of potassic sulphocyanate and state what change it 

undergoes when heated in contact with air. 

38. Explain the action of nascent hydrogen upon ferric sulphocyanate. 

39. Why does potassic sulphocyanate enable us to distinguish between ferrous 

and ferric salts 1 

40. Calculate the percentage composition of cuprous sulphocyanate, J^Cuas' 
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Chapter VIII. 
REACTIONS OF THE ACIDS.. 

B. Organic Acids. 

Most organic acids cannot be distinguished qualitatively as readily 
as inorganic acids. A few of the more generally occurring acids 
whicli can be readily detected, claim a short notice. 

The greater number of organic acids consist of carbon, hydro- 
gen and oxygen ; some also contain nitrogen. There is no organic 
acid known containing only two single atoms of an element, and 
only one containing three, viz., hydrocyanic acid, HON ; whilst the 
number of atoms in a molecule of most organic acids, as for in- 
stance in stearic acid, C18H36O2, is far greater than in any inorganic 
compound. 

The element with which oxygen, hydrogen, and nitrogen are 
grouped in organic acids is carbon, which in most cases, probably 
in all, acts as a tetrad element.* 

Groups of elements performing similar functions in organic acids, 
and built up invariably in the same manner, are called compound 
orga/nic radicals. 

Nearly every organic acid contains one acidifying principle of 
two negative compound radicals, e,g, : — 

* Frankland : Lecture Notes, page 199. 
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{CN'" 
Q-^ni N^CH-CfeeN, or 

Oxatyl (the molecule f r^rv-rr 

of which is dry<^cOHo ^^f 
oxalic acid) j^ v^ ^ i 

I 

H 



■0=0. 



O 

i 



The semi-molecnle of each of these compound radicals contains 
one atom of carbon with one bond left free to combine with another 
element, or group of elements, the other three bonds being satisfied, 
in cyanogen, by combining with triad nitrogen, or in oxatyl, with 
one atom of oxygen and one of hydroxy!. In the molecules the two 
free bonds of the carbon satisfy each other. 

These radicals are closely related to each other. An aqueous 
solution of cyanogen (one volume of water dissolves about four 
volumes of the gas) is speedily transformed into ammonic oxalate, 
thus : — 

1 CN + ^^^^ = 1 COAmo- 

In the presence of a boiling solution of potassic hydrate, cyanogen 
evolves ammonia and produces potassic oxalate, thus : — 

{ ^^n, + 2KHo + 2OH2 = { gg|^ + 2NH3. 

from which salt oxalic acid can be obtained. 

Oxalic acid, on the other hand, may be converted into cyanogen, 
by transforming it into ammonic oxalate and submitting this salt to 
the action of heat, thus : — 

fCO(NH,0) _ ;CN"' 4Q2 
1 C0(NH40) - I CN'" ^ *"^^- 

Oxalic acid, or the molecule of the compound radical oxatyl, 
results from the oxidation of a large number of organic bodies, e,g,, 
sugar, woody fibre, etc., by the action of powerfal oxidizing agents, 
such as concentrated nitric acid, and is resolved into products of the 
final oxidation of everything organic, viz., carbonic anhydride and 
water. 

Heat, in fact, breaks up nearly aU salts of organic acids. Those 
of alkaline and alkaline earthy bases, leave upon gentle ignition 
carbonates, with separation of carbon, and consequent blackening, 
oxalates excepted. The carbonaceous residue being soluble in water, 
indicates that the organic acid was combined with alkali metals, and 
if insoluble, with alkaline earthy bases. The decomposition is, more- 
over, accompanied in most instances by the evolution of volatile 
matter, of carbonic oidde and hydrocarbons, empyreumatic vapours 
and oils. 
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In the free state organic acids are either volatile^ and can be dis- 
tilled or sublimed, generally without undergoing decomposition and 
without leaving any carbonaceous residue, as for instance, formic 
acid, and its homologues acetic acid, etc. (or the acids of the fatty 
acid series) ; benzoic acid and others, belonging to the series of 
aromatic organic acids. These acids can be removed from any of 
their saline compounds by decomposition with dilute sulphuric 
acid. Other organic acids are non-volatile, and are decomposed 
when heated by themselves, leaving a carbonaceous residue ; and the 
acids cannot be removed from their salts by distillation with sul- 
phuric acid. 



+ CO, 



FORMIC ACID^ < COH * — Obtained in a great many chemi- 
cal reactions, as a product of oxidation or decomposition. It is 
usually prepared by heating a mixture of equal weights of crystallised 
oxalic acid and glycerine to 75° C, and distilling with water— 

rCOHo __ fH 
ICOHo - XCOHo 

Formic acid distils at 100** C. It is of interest as being the lowest 
possible acid in the series of fatty acids, a series which most com- 
prehensively illustrates the structure of organic acids. 

By a successive increment of CH2, or by substituting for H — 
the positive element in formic acid — successively semi-molecules of 
the compound organic radicals methyl, CH3, ethyl, C2H6, etc., the 
whole series of fatty acids can be obtained, thus : — 



Formic acid 



Acetic acid 



tCOHo 



{Iho " { Cofeo 



Propionic acid 



Butyric acid 



Stearic acid 



JCH, 
LOOHo 

rH 

CH, 

CH, 

CH, 

^OOHo 

fH 



or / °»^ 
**' \ COHo 





II 
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H 

.X J, H ^ ^ 

H— C— 0— O— H 

I 
H 

H H O 
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H H 



or / ^'^' 
°'' ICOHo 



f CnHjj 



Sffi'-'lS&l" 
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The lower members of the series of fatty acids dissolve freely in 
water, whilst the more complex fatty acids, with largely increased 
molecular weights — to mention only stearic acid — are quite insoluble 
in water. 

BEACTIONS IN THE DRY WAT. 

Formates of the fixed alkalies and alkaline earthy bases, when 
heated out of contact with air, are decomposed into carbonates and 
a little carbon, with disengagement of combustible gases — mainly 
carbonic oxide and hydrogen. Formates of the heavy metals give 
off CO2, CO, and OH3, leaving the metal (generally mixed with a 
little carbon). 

REACTIONS IN THE WET WAY. 

We employ A solution of sodic formate, < qq-kt . 

All formates are soluble in water ; some also in alcohol. 

Formic acid and formates are readily recognised by their pro- 
perty of reducing salts of the noble metals, e.g., AUCI3, NOgAgo, 
N204Hg2o", or HgCls to the metallic state, with evolution of car- 
bonic anhydride. 

Potassic permanganate is likewise deoxidised hy formic acid. 

This redv^cmg OA^tion distinguishes formic add from acetic acid and 
most of its homohgues. 

When heated with concentrated sulphuric acid, formic acid and 
formates are broken up into water and carbonic oxide, which latter 
bums with a fine blue flame. (Method of preparing carbonic oxide 
QAS.) The mixture does not blacken. The decomposition is expressed 
thus:— 

{ COHo "^ SOjHoa = CO + SO2H0, + OH2. 



ACETIC ACID (Vinegar), | q^^.— Obtained either by the 
oxidation of alcohol, thus : — 

I CH2H0 + ^» = { COHo + °^»- 

or by the destructive distillation of vegetable substances, especially 
of wood. Pure acetic acid boils at 117*0., and is prepared by 
decomposing dry sodic acetate (5 parts by weight) with concen- 
trated sulphuric acid (6 parts by weight). The crude acid is placed 
over Mn02, in order to destroy any SO2, and rectified by distillation 
over a little sodic acetate. 

REACTIONS in THE DRY WAY. 

Acetates are decomposed upon ignition, yielding a peculiar 
inflammable volatile liquid called acetone, < noPfT » thus: — 
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KoON„ = CO""- + {OWH. 

The acetatea of the alkalies and alkaline earthy bases, when 
stronglj^ ignited, leave a carbonate ; those of the heavy metals 
leave either a metallic oxide, or the metal itself, mixed with 
carbon. 

Heated with canstic alkalies (soda-lime), as seen in Fig. 19, dry 




r light carhuretted hydrogen, CHj, 



3 j §^a„ + NaHo,CaHo, = 2CONao„ -|- COCao" + 3CH*. 
Marsh gaa. 
The gas can be collected in the osnal manner over water, and on 
applying a light it bums quietly with a yellowish flame, with for- 
mation of water and carbonic anhydride. It forms one of the con- 
stituents of the gas-babbles which are seen to rise &om. the bottom 
of stagnant waters, where decaying organic matter has accomolatod. 
Hence its name marah-gaa. 

Its specific gravity is '554 when compared with air. Its mole- 
cular weight is 16, one litre weighing 8 critha. A mixture of marsh- 
gas and air — one pari by volume of the hydrocarbon with 10 of air 
— explodes powerfully when a light is applied. Light carburettec 
hydrogen forma a constituent of ordinary coal-gas, and is hkewist 
found in coal mines, where it gives frequently rise to exploeioa 
when mixed with air and fired. It is called by -the miner ^re 
da/mp. The atmosphere left in the workings of a coal-pit, after an 
explosion of fire-damp has taken place, is called choke-damp, or afler- 
fUmtp, consisting to a large extent of carbonic anhydride. 

REACTIONS IS THE WET WAT. 
J^ 'OLUTION OF SODIC ACETATE, < QON ^'^^ ^ employ 
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All acetates are soluble in water. Argentic and mercnrous acetates 
are the least soluble. 

On heating a solid acetate (or a concentrated aqneons solu- 
tion of it) with alcohol and concentrated sulphuric acid, acetle 

{CH 
COFf (Et= ethyl) is formed which 

possesses a peculiar fragrant odour. The change is expressed 
thus : — 

{ OONao + ^*^° + ^^'^'^ = { COEto + SO^o^ao + OH„ 

Too much alcohol should be avoided lest common (or sulphuric) 
ether, 0Et2, be formed, the odour of which would mask that of the 
acetic ether. 

By distilling an acetate with moderately dilute sulphuric acid in 
a retort, free acetic acid is obtained, which is recognised by its 
characteristic pungent odour. 

FOsCle added to a solution of an acetate, produces a deep red-coloured solu- 
tion, owing to the formation of ferric acetate. On boiUng, tiie tehol^ of the iripti 
is precipitated as basic ferrie acetate, in the form of hrowtush-yellofo flakes, 
AthTTo precipitates the iron from a solution of ferric acetate as ferric hydrate. 

Ammonic acetate, especially in the presence of ammonia, dissolyes seyeral 
insoluble sulphates, e.g,y sO^Pbo^', SOsCao'^ 

STEARIC ACID, | ^^^^.— Found in fatty bodies, e,g,, 

rCHaHo 
pure mutton fat, in combination with glycerine, < CHHo. When 

LCH2H0 
heated with solutions of caustic alkalies, the fat saponifies and the 
fatty acid forms with the alkali metal a soap, freely soluble in warm 
water, and the glycerine separates. On decomposing the soap by 
the addition of an acid (dilute hydrochloric or sulphuric acid), the 
fat which separates is found completely changed in character. It 
^as an acid reaction to test-paper when in a melted state, and is 
soluble with the greatest farcility in alcohol, from which it crystallises 

r C TT 

in milky white needles. Its composition is CisHseOa, or < nOH*' 

{C I 
CONao' ^"^^ 
containgiigeMerally — 

20 — 25 per cent, of water 
7 — 8 „ „ soda (0Na2) 

and ^1 — 73 „ „ stearic acid. 

The analysis of soap is effected by treating 10 grms. cut up into 
thin slices, in a porcelain dish with dilute hydrochloric acid, and 
heating gently for some time, till the whole of the soap is decom- 
posed. The fatty acid floats onthe surface. The dish is set aside 

M 
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to cool, when the fatty acid is obtained as a solid cake, which can 
be readily removed and dried between filter paper. Sodic chloride 
is left in solution, and is obtained on evaporation in crystals. 

QUESTIONS AND EXERCISES. 

1. What elements enter into the composition of organic acids ? 

2. State which compound organic radicals are met with in organic acids, and 

show the relation which exists between them. 
8. How are the several salts of organic acids influenced by heat, and what 

inference can be drawn from this action ? 
4. Explain the structure of the several members of the fatty acid series. Give 

illustrations. 
6. How is formic acid obtained, and what changes do formates undergo, when 

heated out of contact with air ? 

6. How can a formate be detected in the wet way ? Give equations. 

7. State how you would prepare pure carbonic oxide from baric formate. 

8. You have given to you plumbic formate, how would you prepare therefiroin 

formic acid and sodic formate ? 

9. State how acetic acid is prepared. 

10. What is the action of heat upon dry acetates ? 

11. How would you prepare marsh-gas ? 

12. Explain the ^nas fire-damp ^ and choke-damp^ or after-damp. 

13. How can the composition of marsh-gas be shown experimentally ? 

14. Explain the action of acetic acid upon argentic carbonate or plumbic oxide. 

15. What residue is left on igniting sodic acetate, calcic acetate, plumbic acetate^ 

or argentic acetate ? 

16. Explain how you would obtain acetic ether, describe its composition and 

properties. 

17. Give graphic formulae for marsh-gas, cyanogen, acetic ether, acetone. 

18. Explain the composition of hard soap. 

19. A solution containing an unknown quantity of formic acid, when heated with 

solution of AuCls, yielded 2 '235 grms* of metallic gold. How much 
formic acid by weight did the solution contain ? 

20. A quantity of crystallised argentic acetate leaves upon ignition 1*236 grm. of 

metaUic silver. How much acetic acid does this correspond to ? 

21. How much dry sodic acetate must there be decomposed in order to obtain 

20 Utres of marsh-gas ? 

BENZOIC ACID, I gg^^^)^^ or shortly BzHo.— Is found 

in many gums and balsams, from which it is obtained by snbli-* 
mation. Heated in a tube open at both ends, the acid sublimes in 
long needles, giving off a very irritating vapour. Heated on platinum 
foil, benzoic acid burns with a luminous smotjr flame. 

The crystalline acid is very slightly soluble in water or acids, 
and floats on water. Benzoaies of tetrad metals are mostly insoluble 
in water, all others are soluble. 

Pe2Cl6 gives a pale yellow precipitate of basic ferric benzoate, 

Bz6lB'e20^,Fe203 + 15 Aq ; and ammonic benzoate is employed some- 
times for the separation of Fe*^ from Mn" (compare page 38). 

On distilling benzoic acid with lime or baryta, benzol, CeHe, is 
obtained— 

{ COHo '^^' + °*^ - ^'^ + COCao". 
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Dilute acids precipitate benzoic acid from aqueous solutions of 
benzoates ; nitric acid is without action upon it. 

Heated with concentrated sulphuric acid, benzoic acid do^s not 
blacken, neither does it evolve SO2. 



fCOHo _ 

SUCCINIC ACID, < C2H4 , or briefly SxiRoi.— Dibasic acid. 

LCOHo 
— Obtained by the distillation of amber, of fossil resin, and also by 
the long-continued action of nitric* acid upon butyric, stearic or 
margaric acids. The acid crystallises in white plates, is readily 
soluble in water, alcohol and ether, and is not acted *upon by boiling 
nitric acid. Heated in a tube open at both ends, it sublimes in silky 
needles. Heated upon platinum foil, it burns. with a blue flame and 
without smoke. 

Succinates are decomposed upon ignition ; the alkaline and 
alkaline earthy succinates leave a carbonate, mixed with carbon. 

Most succinates are soluble in water. 

Plumbic acetate gives a white precipitate of neutral plumbic 

rco — ' 

sucdnate, < C2H4Pbo", which is rendered basic by treatment with 

lCO_j 
ammonic hydrate. 

PejCle produces from a solution of neutral ammonic succinate a. 
hrownish-red, voluminous precipitate of basic ferric succinate, 

8u3Fe20'^,Fe20s, readily soluble in mineral acids. AmHo renders 
the precipitate darker by withdrawing a quantity of succinic acid as 
ammonic succinate, leaving a more basic succinate. (This reaction 

SERVES FOR THE SEPARATION OP Mn" FROM Fe*^.) 

On boiling the precipitate, produced by ferric chloride from a 
solution of a succinate or benzoate, with ammonic hydrate, a soluble 
ammonic salt of these acids is obtained which can be separa.ted by 
filtration from the insoluble residue. On the addition of alcohol 
and BaCU to the ammoniacal solution, a white precipitate of baric 
succinate is obtained, whilst benzoic acid gives no precipitate (dis- 
tinction BETWEEN BzHo AND SuHOj). 



QUESTIONS AND EXEECISES. 

1. How are benzoic and Buccinic acids prepared ? Give graphic formulse. 

2. How would you difltinguisli BzHo from SuHo«? in the dry way P 

8. State how the precipitate produced by lizHo and SuHoq with Pe2Cl8 
assists us in distinguishing between these two acids. 

4. How would you prepare benzol from benzoic acid ? 

5. You have given to you a. mixture of plumbic benzoate and succinate. State 

how you would obtain the two acids in the free state. 

6. 1*340 grm. of the argentic salt of an organic acid leaves upon ignition '632 grm. 

of metallic Ag. What is the molecular weight of the acid ? 

M 2 
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OXALIC ACID, < QQjT — Dibasic add. — Obtained by the 

oxidation of a large nnmber of organic bodies, e.g,^ sugar, by nitric 
acid ; or woody fibre, by the action of caustic alkalies. The free 

acid, < rtrvrj + 2Aq, is a violent poison. It crystallises in rhombic 

prisms with two molecules of water of crystallisation, which it loses 
when exposed to dry air, i.e., it eflBoresces and crumbles to a 
.powder. With bases it forms an important series of salts called 
oxalates. The acid being dibasic, two series of salts {neutral and 

add oxalates, < rir\Tr and < r*r\Ti ) exist (besides some sttper-add 
oxalates). 

• REACTIONS IN THE DRY WAY. 

Oxalic acid when heated by itself, sublimes for the most part 
unchanged ; a portion of it breaks up into CO, CO2 and some formic 
acid. Oxalates yield, upon ignition, different products of decom- 
position, according to the nature of the base contained therein. 

Alkaline oxalates leave a carbonate, with slight blackening, and 
give off carbonic oxide. 

Alkaline earthy oxalates leave a carbonate, together with some 
caustic base, if a strong heat be applied, and give off" CO and CO3. 

Oxalates containing metallic bases which do not form carbonates, 
or the carbonates of which are decomposed by heat, break up into 
metallic oxides, and give off equal volumes of CO and COj, or into 
metal, as for instance argentic oxalate, giving off COj. 

REACTIONS IN THE WET WAY. 

We employ A solution of ammonic oxalate, < noA°^^- 

Oxalates are either soluble in water, e.g., the alkaline oxalates and 
a few metallic oxalates ; or insoluble in water, but soluble in acids. 
CaCU (S02Cao" or CaHo2) precipitates even from very dilute 

r CO 

solutions white pulverulent calcic oxalate, < no^^^"» ^adily soluble 

in hydrochloric or nitric acid ; almost insoluble in oxalic or acetic 
acid, and in potassic or ammonic hydrate. Heat promotes the pre- 
cipitation from very dilute solutions. This constitutes one of the 
most delicate reactions for oxalic acid. 

BaCl2 gives from solutions of neutral oxalates a white precipitate 

of barfc oxalate, < ^^QBao" -|- Aq, soluble in oxalic acid, readily 

soluble in hydrochloric or nitric acid. 

N02Ago produces a white precipitate * of' iprsentlc oxalate, 

I GO A ' soluble in dilute nitric acid and in ammonic hydrate. 

Concentrated sulphuric acid decomposes oxaKc acid or oxalates, 
on the application of a gentle heat, into CO and CO2, without 
blackening, by withdrawing from the molecule of oxatyl a molecule 
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of OH2. The gaseous mixture is passed through a wash-bottle 
containing caustic soda or lime-water, and the carbonic oxide gas 
is collected over water. The gas burns with a blue flame. (Usual 

METHOD FOR PREPARING CARBONIC OXIDE.) 

Oxalic acid, or oxalates in the presence of free mineral acids, act 
as reducing agents. 

Treat a little black oxide of manganese and oxalic acid or an oxalate with a 
few drops of concentrated sulphuric acid. Eflfervescence ensues. The gas which 
escapes is carbonic anhydride, thus : — 

WInOa + { ^Q^^ + 2SO2H02 = 2CO2 + SOaMno" + SOgKoa + 20H,. 
A solution of gold is reduced to metallic gold, thus : — 

2AUCI3 = 3 { ^Q2o = ^^^2 + Au2 + 6HC1. 
Potassic permanganate is speedily reduced (decolorised). 

QUESTIONS AND EXERCISES. 

1. How is oxalic acid obtained ? Describe shortly its properties. 

2. What changes does oxalic acid imdergo, 1st, upon ignition ; 2nd, upon heating 

with SO2H02 ; 3rd, upon treatment with SO2H02 and BCn02 or 
Cr205Ko2 ; 4th, in contact with AuCls ? 

3. How would you distinguish calcic oxalate from calcic carbonate, fluoride, 

borate or phosphate ? 

4. What takes place when potassic, argentic, calcic or zincic oxalate is ignited by 

itseH ? 

5. How would you prepare pure carbonic oxide gas from sodic oxalate ? 

6. Why is oxalic acid decomposed by concentrated sxdphuric acid almost without 

any blackening ? 

7. Calculate how much !Mn02 is contained in a sample of black manganic 

oxide, 2*2 grms. of which, when treated with < jjQxrf, *^d S02Ho2> 

yielded 1-662 grm. of CO2. 

8. The calcic salts in one litre of water are precipitated with ammonio oxalate. 

The precipitate yields upon ignition 1*695 grm. of COCao". How much 
CaO does the water contain, 1st, per gallon, 2nd, per 100,000 parts ? 

rcOHo 

I CTTTTo 

TARTARIC ACID, < Q^g^, shortly I'Koi— Dibasic acid.— 

COHo 
Found in grapes, tamarinds, pine-apples and several other fruits in 
the form of hydric potassic tartrate. The acid met with in commerce 
is prepared from the tartar or argol, an impure hydric potassic tar- 
trate, deposited from the grape juice during fermentation. The acid 
forms colourless transparent crystals, very soluble in water, both hot 
and cold, and soluble also in alcohol. The aqueous solution under- 
goes gradual decomposition. 

REACTIONS IN THE DRY WAY. 

Tartaric acid is decomposed by heat, giving off a peculiar odour, 
resembling that of burnt sugar (caramel), and leaving a residue of 
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carbon. Alkaline tartrates when heated in a test-tnbe, are decom- 
posed with evolution of inflammable gases, leaving a mixture of 
finely-divided charcoal and carbonate (bldcJc fiux), from which the 
carbonate may be extracted by water. The carbonaceous residue 
left upon igniting alkaline eaj*thy tartrates contains an insoluble 
carbonate, and effervesces when treated with dilute hydrochloric 
acid. Tartrates of the heavy metals also undergo decomposition, 
accompanied by the characteristic odour of burnt sugar, and leave 
much carbon mixed with metallic oxide or metal. 

EEACTIONS IN THE WET WAY. 

We employ A solution of tartaric acid, and for some reactions 
A solution of a normal salt (Bochelle salt, or potassic Bodic tar- 
trate). 

TJie alkaline tartrates a/re soluble in water, the acid salts less so 
than the neutral tartrates. The normal tartrates of the alkoMne ea/rthy 
hases, of the earths and heavy metals, are difficultly soluble in water, but 
dissolve readily in dilute tartaric acid. Alkalies fail to precipitate 
double tartrates, readily soluble ml water, containing an alkaline 
and metallic base. Hence the presence of tartaric add serves to 
prevent the precipitation of Pe203, Cr203, ZnO, NiO, CoO, MnO, 
CuO, PbO, BiaOa, Pt02 or CdO, whilst some other substance, 
e.g., POH03, if present, may be precipitated from an alkaline solu- 
tion. 

KCl (or some other potassium salt, especially the acetate) pro- 
duces in a solution of free tartaric acid a heavy white crystalline 

precipitate of hydric potassic tartrate, THoKo, readily soluble in 
mineral acids and in alkalies and alkaline carbonates, insoluble in 
acetic acid. The precipitation is accelerated by agitation. Alkalies 
dissolve the precipitate, forming a normal tartrate, soluble in water, 
from which acetic acid reprecipitates the hydric potassic tartrate. 
CaHo2 added in excess precipitates free tartaric acid as a white 

calcic tartrate, TCao". 

CaCl2 (but not S02Cao") precipitates fi*om a solution of a 

normal tartrate, white calcic tartrate (TCao", + 8 aq.), soluble in 
acids, even tartaric acid, in ammonic salts (AmCl), but not in 
ammonic hydrate. The precipitate is soluble in cold potassic or sodic 
hydrate, which is nearly free from carbonate, but is repreoipitcUed on 
boiling as a gelatinous mass, which redissolves on cooling. 

N02Ago produces from a solution of a normal tartrate (e.^r., 
Rochelle salt) in the cold a white curdy precipitate of argentic tar- 
trate, TAg02. On filtering and dissolving some of the precipitate 
off the filter with a little dilute ammonic hydrate, and heating the 
solution in a clean test-tube or flask during ten to twenty minutes 
in water, heated to about 66° C, the glass becomes coated with a 
fine silver mirror. (Characteristic reaction for tartaric acid.) 

Ac2Pbo" gives a white crystalline precipitate of plumbic tartrate, 
TPbo", from solutions of tartaric acid or its soluble salts. The 
precipitate is soluble in nitric acid and in ammonic hydrate ; the 
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latter giving rise to the formation of plumbic ammonio tartrate, 
whicli cannot be precipitated by AmHo, 

Tartaric acid and ammonia dissolve S02Pbo". 

Concentrated SO2H02 decomposes tartaric acid or a tartrate, on 
heating, with evolution of SO2, CO2, and CO, and separation of 
carbon. 

QUESTIONS AND EXERCISES. 

1. Describe some sources of tartaric acid. 

2. Describe the decomposition which tartaric acid and tartrates undergo upon 

ignition. 

3. What is the composition of black flux ? 

4. Explain the solvent action of tartaric acid upon certain tartrates in the pre- 

sence of alkaUes. 

5. How can tartaric acid be detected in the wet way ? 

6. Give graphic formulae for Bochelle salt, argentic and plumbic tartrates. 



rCHHo(COHo) 
CITRIC ACID J CH (COHo) + 2 aq., or briefly CiHoa.— 

LCH2 (COHo) ^ ^ 

Trihasic acid. — Obtained from orange or lemon-juice. Found also 
in many other fruits. It forms colourless prismatic crystals, which 
possess a pure and agreeable acid taste. They dissolve in cold and 
hot water, and in alcohol. The aqueous solution undergoes decom- 
position after a time. The citrates are very numerous, the acid 
forming, like phosphoric acid, three classes of salts by the replace- 
ment of one, two, or three atones of hydroxyl by a corresponding 
amount of potassoxyl, etc. 

REACTIONS IN THE DRY WAY, 

On heating citric acid, it loses first its water of crystallisation, 
then fuses, and is decomposed with disengagement of pungent and 
irritating acid fumes, leaving a less abundant carbonaceous residue 
than tartaric acid. Alkaline and alkaline earthy citrates leave a 
carbonate upon ignition. 

REACTIONS IN THE WET WAY. 

We employ A solution of CiHos in water, or a solution of a 

NORMAL ALKALINE CITRATE. 

Potassic salts give no precipitate. 

CaHo2 gives no precipitate in the cold from a solution of citric 
acid, or of a neutral citrate ; but on heating, a white precipitate of 
calcic citrate, Ci2Cao"3,: is obtaraed. (Distinction between tartaric 
AND citric acid.) When both citric and tartaric acid are present, the 
precipitate produced by CaHo2, or CaCl2 in the cold is filtered off, 
and the clear filtrate boiled, when a further precipitate indicates 
citric acid. 

CaCl2 produces no precipitate in the cold from an aqueous solu^ 
tion of citric acid or a soluble citrate ; on boiHng, however, a white 
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precipitate of calcic citrate is obtained, if the solution be nentral, or 
if it contain an excess of lime water or amnionic bydrate. This 
precipitate is insohible m sodic or potassic hydrate, but soluble both 
in ammonic salts and in acids. 

Argentic citrate, dissolved in ammonic hydrate, does not form a 
mirror upon heating. Citric acid, like tartaric acid, prevents the 
precipitation of certain oxides, more especially of AI2O3, of Groups II 
and III, by caustic alkalies, on account of the formation of soluble 
doable citrates, containing a metallic and alkali base. 

Concentrated sulphuric acid decomposes citric acid or citrates 
slowly. On cautiously applying heat, CO and CO2 escape, at first 
without any blackening of the liquid, but on boiling for some time, 
SO2 is evolved, and carbon separates. 

QUESTIONS AND EXERCISES. 

1. Whence is citric acid derived ? 

2. Describe the tests which distinguish citric from tartaric acid. 
8. Give graphic formula for citric acid. 

4. How would you detect oxalic, tartaric, and citric acids contained in a 

Uquid ? 

5. Why does the presence of citric or tartaric acid prevent the precipitation of 

AI2O3 or FegOs by AmHo ? 

6. How would you separate phosphoric acid by precipitation with a magnesie 

salt from a solution containing phosphates of Al*% Fe'^ and Mn" ? 
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In order to enable the analyst to acquire a thorongli mastery 
over the reactions for bases and acids, some 25 to 30 simple sub- 
stances should be analysed by the aid of the subjoined analytical 
tables, and the results recorded in the manner shown in the Ap- 
pendix. The nature of these exercises will be sufficiently indicated 
by the following examples : — 

1.. Crystallised magnesic sulphate (Epsom salts). 

2. Sodic sulphite. 

3. Saltpetre. 

4. Common sodic phosphate. 

5. Potassic iodide. 

6. Potassic oxalate. 

7. Citric acid. 

8. Calcic tartrate. 

9. Sodic acetate. 

10. Calcic phosphate. 

11. Dried green vitriol. 

12. Borax. 

Preliminary to the analvsis of more complex bodies, a number of 
double salts or mixtures of salts containiag one or two bases and 
one, two or more acids should be next examined, such as :— 

Amnionic ferrous sulphate. 

Common ammonium or potassium alum. 

Microcosmic salt. 

Potassic sodic tartrate (Rochelle salt). 

Dipotassic calcic ferrocyanide. 

Potassic chlorate and potassic nitrate. 

Sodic chloride and potassic chlorate. 

Potassic oxalate and potassic carbonate. 

Ammonic chloride and sodic nitrate. 

Amnionic magnesic phosphate. 

Potassic bromide and iodide, and sodic chloride. 

Complex bodies should be examined systematically and the 
results carefully noted down in the analyst's laboratory book imme- 
d lately they are made, and in the order indicated by the arrangement 
of the Analytical Tables. A careful preliminary examination in the 
dry way yields for the most part results which are decisive of the 
nature of the substance under examination. A few simple experi- 
ments are frequently sufficient to determine, in the case of simple 
salts, the nature of both base and acid, and in that of a compound 
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substance, most bases and acids. Skill in blowpipe analysis is of 
paramount value in the analysis of well-defined minerals, as well as 
of complex mixtures. The student should, however, invariably 
control the results obtained by an examination of the solid sub- 
stance in the dry way by a most searching analysis in the wet way. 

The exercises should be progressive, and should at first consist 
of artificial mixtures of clearly-defined composition: and lastly, of 
complex bodies, such as minerals, alloys, colours, slags, refuse- 
matter from various manufacturing ]>rocesses, etc. 

The following mixtures or compound bodies may be taken as 
types of the 20 or 30 substances that should be examined in order 
to enable the student to acquire proficiency in qualitative analysis : — » 



1. NaOiPbo", 
HgCla, 
AmOl, 
COCao". 

.2. CaCl,, 
SrCla, 
BaCl,. 

3. ASjSs, 
AmCl, 
NO2K0. 

4 Ammonium alum, 
Chrome alum. 
Galena. 

5. Chrome iron ore. 

6. Type metal. 

7. Stourbridge fire-clay. 

8. CrOjBao", 
FejOs, 
CaCl2, 
Sulphur. 



9, BaCla, 
POHoBao", 
CCOKo 
I COKo. 

10. Ammonium alun;, 
Chrome alum, 
POHoNaoa, 
FejOa, 

SiO.. 

11. COBao", 
P202Bao"3, 
SOjBao", 
NaCl. 

12. Ultramarine. 

13. Guano. 

14. Coprolite. 

16. Material which has been 
used for purifying coal- 
gas. 

16. Alkali waste. 



TABLES 



FOB THB 



QUALITATIVE ANALYSIS 



or 



SIMPLE AND COMPOUND SUBSTANCES, BOTH IN 

THE DRY AND WET WAY. 
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Examination of a Substance in the Wet Wat. 

1st. The mihstance under examination is a liquid. — Examine it 
by means of well-prepared test-papers. Tlie liquid is neutral. This 
exclndes a large number of substances, since tbe greater proportion 
of normal salts of the metals possess an acid reaction. The liquid 
shows an acid reaction. This may arise from a free acid, or from 
the presence of a normal salt having an acid reaction, or, lastly, 
from an acid salt. Or the solution possesses an alkaline reaction, 
owing to the presence of a salt of alkaline reaction, of tree alkalies 
or alkaline earths, and of cyanides or sulphides of the alkalies or 
alkaline earthy metals. 

Evaporate a portion of the liquid to dryness on a watch-glass or 
platinum foil. It leaves no residue, and may consist of pure water 
only ; or it leaves a residue ; a larger portion of the liquid should 
then be evaporated to dryness in a porcelain dish and subjected to 
a preliminary examination in the dry way. 

2nd. The substance under examination co'usists of a solid hody."-^ 
If it occurs in large pieces, or in the form of a coarse powder, it 
should first be reduced by mechanical means to as fine a powder as 
possible. 

Natural silicates and other compounds which are decomposed with difficulty 
by acids, are finely powdered in an agate mortar and then levigated, i.e., stirred 
up repeatedly with water ; the coarser particles of the powdered substance fall 
rapidly to the bottom, and the water holding the finer particles in suspension can 
be poured off. The coarser particles must then be ground again, and made to 
pass through a fresh process of levigation, till the whole of the substance is 
obtained in an equally fine state of division. By allowing the water to stand for 
some time, the whole of the suspended particles fall to the bottom of the yessel, 
and can be separated by decantation and filtration. 

Ascertain whether the solid substance is wholly or partly soluble 
in water. This is done by boiling about a gramme of it in distilled 
water, allowing the undissolved portion to subside before decanting 
the supernatant liquid, and treating the undissolved portion again 
with boiling water as long as anything is dissolved. A drop of the 
solution, when evaporated on a watch-glass or on platinum foil, 
should leave a visible spot. 

The aqueous extract is set aside until the residue has in like 
manner been treated with acids. It should be tested with litmus- 
paper. 

The residue insohbble in water is next treated with dilute hydro- 
chloric acid, and heated for some time to boiling. The undissolved 
portion is allowed to subside and the clear fluid decanted. This 
operation should be repeated several times, both with dilute and 
concentrated hydrochloric acid. Boiling with HCl generally dis- 
solves out whatever is soluble, and NO2H0 has rarely to be resorted 
to. If an insoluble residue be left, treat with small quantities of 
aqua regia. Observe carefully what changes take place when the 
substance is treated with acids, especially whether any and what 
gases are disengaged. 
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The residue insoluble in water cmd adds should be careftilly 
washed with distilled water, filtered, dried, and then mixed with 
three to four times its weight of dry CONao2 and COKoj (fasion- 
mixture) and fused. The fusion is best performed in a platinum 
crucible, provided the insoluble residue does not contain any metals 
capable of forming alloys with platinum. This can be readily ascer- 
tained by an examination of the residue in the dry way. 

It should be borne in mind that only baric, strontic, calcic, 

AND PLUMBIC SULPHATES ; PLUMBIC AND ARGENTIC CHLORIDES ; SlOs, 
MANY SILICATES ; NATIVE OR IGNITED AI2O3 AND ALUMINATES ; IGNITED 

CrjOa and Pe203; chrome iron ore; Sn02 (ignited or as tin- 
stone) ; IGNITED Sb204 (a few METAPHOSPHATES AND ARSENATES) ; 
CaF2, AND A FEW OTHER NATIVE FLUORIDES ; SULPHUR AND CARBON, 

are usually present in the residue. 

AgiFeOye and AgeFeaCy^, AgBr, Agl, and AgCy are decomposed 
into AgCl by boiling with aqua regia. 

Solutions 1 ani 2 may be examined separately, or they may be 
mixed and examined together. A separate analysis of the aqueous 
and acid extracts becomes necessary only when it is intended to 
show how the acids and bases are combined in a compound body. 

The examination of a residue requiring fusion with alkaline car- 
bonates is invariably conducted separately. The fused mass is 
boiled with water and filtered; the powder, insoluble in water, 
containing the base in the form of a carbonate (oxide or metal) is 
dissolved in HCl or NO2H0. The aqueous extract is examined for 
acids, and the acid extract for bases. 

Alloys are dissolved in dilute or concentrated HCl, sometimes 
with the aid of platinum foil, or with the addition of a few crystals 
of potassic chlorate, and their solutions examined as usual. 

Cyanogen compounds are best destroyed by fasion in a porcelain 
crucible with 3 or 4 times their weight of a mixture of 3 parts of 
S02Amo2 and 1 part of N02Amo. The metals can then be detected 
in the residue in the usual manner, 

Bemark. — ^In order to economize time, the solution of a substance should be 
prepared at the same time as the examination in the dry way is conducted, and 
whUst tbe separation into groups is effected by means of the several group- 
reagents. The precipitates can then be well washed. Again, the time occupied 
in the evaporation of the filtrate from Group II, and in separating Fe*^, Cr*^, 
and Al^^ by means of COBao^' in Group III, may be employed in the examina- 
tion of the precipitate produced by HCl or SHj, as well as in detecting the acids 
in the dry and wet way. 
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To tlie greater portion of the original solution add HCl, as 



The FBBOIFITATE may contain— 



PbCls, white 



(Note 2.) 
Examine hy Table I. 



The FiLTBATE (Note 8) is largely 



The PEBCIPITATB may contain — 



HffS, 


black 1 


PbS, 


tt 


BisSa, 


a 


CuS, 


»» 


CdS, 


yellow ^ 


SnS, 


brown 


SnSa, 


yellow 


SbjSs, 


orange 


SbA. 


t* 


A82S3, 


yellow 


AUaSg, 


black 


PtSa, 


if 



Insoluble in sodic hydrate, 
or yellow ammonio sul- 
phide. 



Soluble in sodic hydrate, 
» or yellow ammonio sul- 
phide. 



Examine by Table II. 
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long as a precipitate is produced, and heat gently. (Note 1.) 



diluted with water (Note 4), saturated with gaseous SH2, and gentlj heated (Notes 5 and 6). 



Evaporate the filtbate till free from SHj, then add a few drops of concentrated NO2HO) and 
evaporate to complete dryness. If oxalates or organic matter (Note 7) be suspected (indicated 
by the blackening of the residue), heat ta redness in a porcelain dish, but not otherwise. Treat 
tne residue with a little concentrated HCl, add water and heat, when it dissolves either wholly or 
leaves a white residue of SiOj (Note 8). Test a small portion of the HCl solution with ammonic 
molybdate, with the addition of concentrated nitric acid. 

(A.) No precipitate is obtainedf IPOH03 Is absent. — Add AmCl, AmHo, and S Am^, to the remaining 
portion of the solution, heat to boiling, and filter quickly ; wash well with hot water 
containing a few drops of ammonic sulphide. 

(B.) A precipitate is obtained f IPO H 03 Is present. — Add AmCl and AmHo in slight excess to the 
remaining portion of the solution, heat gently and filter quickly ; wasli well with hot water. 
To the filtrate add SAm2 to slight excess, heat to boiling and filter. Wash with hot water 
containing a few drops of SAm2, and examine filtrates under Group IV. Transfer the two 
precipitates to a porcelain dish, and digest with a Httle SAmj (Note 9). Filter off and 
wash well. Neglect filtrate (Note 10). 



(A.) 

The PEBCIPITATB may con- 
tain — 

AI2H06, yellowish- white, 

gelatinous. 
Cr2Ho6, bluish-green. 
FeS, black. 
ZnS, white. 
lIKnS, flesh-coloured. 
NiS, black. 
Cos, 

Examine by Table III A. 



(B.) 

The PEBCIPITATB 

tain — 



may con- 



AI2H06, yellowish-white, 
gelatinous. 

Cr2Ho6, bluish-green. 

FeS, black. 

ZnS, white. 

KnS, flesh-coloured. 

NiS, black. 

Cos, 

Together with the phosphates 
of (Cr) and Al, as well as of 
the alkaline earthy metals. 
(Note 11.) 

Examine by Table HI B. 



To the FILTRATE from III A, OP 

III B. add AmHo and COAmoj, 
heat gently (Note 12) and filter. 



The PEBCIPITATB 

may contain — 

COBao", white. 

COSro", 

COCao", 






Examine by 
Table IV. 



Solution may 
contain — 

KffO. 

OK3. 

ONas. 

Examine by 
Table V. 
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NOTES TO GENERAL TABLE. 

1. Li case the original Bubstanoe bad to be dissolved in bjdrocbloric acid, 
SH] may be passed at once. 

2. In a saturated solution of a baric salt, Hd produces a white preopitBte, 
soluble in hot water. From an alkaline solution HCl maj precipitate 8iHo4 

(gelatinous), BH03, BzHo [and uric acid] ciystalline, also SbjO^ (amorphous). 
Metallic oxides, such as AljOg and metidlic sulphides, such as AfhSti SbjSa* 
Sb2Ss, SnS, and Sl^s, which dissolye in NaHo or SaAmj, may likewise be pre- 
cipitated on the addition of HCl, and are best examined separately. 

3. If arsenic has been detected in the preliminary examination, this filtrate^ 
which may contain pentad arsenic, should be boiled with a solution of SOHoi, or 
SOHoAmo, and the acid solution evaporated considerably to expel the SO^. 
Ba, Sr, and Fb, when present, may be precipitated either partly or idioDj, as 
sidphates. The precipitate is best examined separately. 

4. Certain oxychlorides, e.g., of Bi, Sb, or Sn, may be precipitated on the firrt 
addition of dilute HCl, or water, but are readily redissolved on the addition of 
more acid, and on gentlv heating ; or the precipitate may be disregarded, since 
SH3 readily converts tne finely divided oxychlorides into the corresponding 
met^c sulphides. 

6. SH. often produces merely a precipitation of sulphur, owing to the 
presence or oxidizing agents, such as CI, Br, I (SOH02, NOHo), NOsJ^, GlKo, 

i OHo* 1 OHo' I OHo* ^'^d^'^a^^* ^^ ^^ ferric salto. This precipitate 
is easily distinguished by its being white and remaining suspended in the solution. 
It may be neglected altogether. A brick red precipitate 01 PbgSCls often comes 
down from strongly acid (HCl) solutions, if the solution has not been sufficiently 
diluted with water. Cadmium is often left in solution, if too much acid be 
present. 

6. SH3 should be passed once more through the filtrate, to make sure of the 
complete precipitation of all the metals of Group II. 

7. Organic adds, e.g., TH03, CiHoa, also sugar, ete., prevent the precipitation 
of AI3H06, etc., in Group III. (Comp. p. 166.) 

8. It is possible that this SiOj may be mixed with other substances, e,g,^ 
AljOs, CrsOa, Fe^Os (rendered insoluble by strong ignition), SOsBao^', 
SOgSro'', in which case it is necessary to examine it separate^. 

9. If the S Am2 were added simultaneously with the AmCl and AmHo, phos- 
phates of Fe, Mn, Zn, Ni, and Co would be decomposed into sulphides, with 
formation of POAmos, which might produce a precipitate of a phosphate of the 
alkaline earthy bases, by acting upon salts of these bases other than phosphates, 
or act as a solvent for other phosphates in the presence of AmHo. (Comp. 
p. 52.) 

10. This filtrate may contain POHojt, a proof that aphosphate of the metals 
Fe, Zn, Mn, Ni, or Co was present in the original HCl solution, or, vice vend, 
that all these metals (or one or several of them) may be present. (Comp. 
p. 52.) 

11. Small quantities of borates and fluorides of the alkaline earthy metals 
may likewise be precipitated, together with the alkaUne earthy phosphates, but 
need not be examined further, since their bases will be detected in Group lY, 
and their acids on examining in the usual way for acids. 

12. The solution must not be boiled, since the AmCl, hj double decomposition, 
dissolves the alkaline earthy carbonates, forming chlorides and ammonic car- 
bonate, which volatilizes witn the aqueous vapour. 
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Table U.— SEPARATION OP 



The precipitate may contain S^^S, PbS, 



lijS,, Cos, CdS, SnS, SnSs, SbsS„ S1»s0s* AsA. 
(Comp. p. 90.) Wash the precipitate until free from 



Besidue. — ^Wash well ; boil in a little concentrated IffOaHo untH all action ceaaes. Dilute with 
water ; add dilute SO2H02, as long as a precipitate is produced ; allow to cool and add an equal 
bulk of alcohol (methylated) ; filter. 



// 



Bbbidub. — May contain SgrS, SOsPbo 
and S. Boil in amnionic acetate : 
SOsFbo'' dissolves ; allow to cool 
and filter. 



SoLUTioy. — Boil off the alcohol, add excess of AmHb ; 
boil and filter. 



Besiijite consists 
of HgS and S, 
or of 8 only. 

Confirm by re- 
ducing the dried 
BgrS in a bulb- 
tube with dry 
COXaos. 

Metallic mirror 
and globides. 

Presenee of Hg, 

(as mercuricum.) 



Solution. — Add 
CrOjEoj, yel- 
low precipitate 
of CrOoPbo". 

Presence of Pb. 



The FBECIPITATB 

consists of 

BlHos. Dis- 
solve in a few 
drops of dilute 
HCl ; evapo- 
rate nearly to 
dryness and 
add water. 

MilHness from 
BiOCL 

Presence of Bl. 



Solution. — Acidulate slightly witih 
HGl and pass SHs ; filter off and 
wash the precipitate with -weak SHs 
water. Boil with dilute SOjEos 
and filter. 



Bbsidue. — Dis- 
solve in IffOsHo; 
add sli^t excess 
of AmHo, then 

K4FeCy6. Brown 
precipitate of 
CuaFeCye. 

Presenee of Co. 



SoLUTiOK. — Add 
AmHo and pass 
SHs. TeUow 
precipitate of 

Gds: 

Presence ef Cd. 



Note 1. — CnS is somewhat soluble in SsAm* 



and BgrS in SNas. It is therefore advisable to 
If both Cos and Bi^S are present disaolve in 



187 



THE METALS OP GROUP II. 



(Au and Ft must be tested for speciallj in a separate portion of the filtrate fix>m Group I). 
HCl; boil with NaHo, or SsAmo, and filter (Note 1). 



Solution may contain As, Sb, Sn (Au and Pt) as sulpho-salts. Acidulate with dilute hydro- 
chloric acid, A83S3, SbaSs, and SnS^t are reprecipitated. Filter and wash ; digest with 
COHoAmo and filter. 



Besidub consists of SbjSs and SliSs. Dissolve in boiling 
HCl. Introduce into a Marsh's apparatus in which 
hydrogen is generated by means of pure Zn and HCl. 



SbHs comes off. Collect as 
metalUc Sb on porcelain or 
glass and identify the de- 
posited metal by means 
of ClNao or dry HCl gas. 

Presence of Sb. 



The BESIDITE in the gene- 
rating flask consists of Zn 
and Sn. 

Detach the precipitated Sn 
from the strips of zinc; 
wash and dissolve in a 
little concentrated HCl by 
the aid of platinum-foil. 
Dilute with water, and add 
Sg^Clj. A white precipi- 
tate of Sgp2Cl2, or of grey 
metallic Hg, is obtained. 

Presence of Sn. 



SoLTJTiOK contains ^mm^t* 
Beprecipitate by adding HCL 
Confirm the presence of As 
bv reducing with KCy and 
CONaos in a bulb-tube. 

Metallic mirror and garlic 
odour. 

Presence of As. 



dissolve the precipitate in the absence of CuS with SaAm^, and in the absence of HifS with SNa^. 
SaAmj, when a httile CuS will be found in the solution. 
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A. POHot it absent. — ^DiBsolve the precipitate from G-ronp ITT A. in a little dilute Hd, with the 

is perceptible. Filter off sulphur if necessary. Nearly nentraUze solution with GONaos ; add 
possible. Pour off the clear liquid, which contains the chlorides of the metaU Zn, Mil, Ni 
chlorides of Fe^^ Al'^ and (V^ ; throw the precipitate — ^which contains the hydrates (and basic 
hot water. 



SoLUTiov. — BemoTe BaClj by adding a few drops of dilute SO3H03 ; boil, allow to subside, 
and filter off SOiBao'^ Nearly neutralize the filtrate with CONaoj, and add pure NaHo, 
till the solution becomes alkaline ; boil and filter. 



The BOLimoir may con- 
tain zinc as Zn^aO}. 
Add SH3. White 
precipitate of XanB, 

Presence of Zn. 



The PBBCiPiTATB may contain BKnHos, C0H03 and If iHoi. Wash, 
dissolve in a little dilute HCl ; nearly neutralize with AmHo ; add 

r cs 

excess of < #«0Amo ^^^ ^ little acetic acid ; pass a rapid euxrentof 
SH2 for several minutes through the solution and filter. 






The BOLTjnoN con- 
tains the manganese 
as acetate. 

Add Amd, AmHo and 
SAmj. 

Flesh-coloured preci- 
pitate of BKnS. 

Presence of Hii. 



Bbsidub. — ^Dissolve in Hd and 4 0j^ ; neariy 

neutralize with CONao, ; add a weak solu- 
tion of KOy,* so as just to redissolve the 
precipitate first produced. Boil briskfy for 
some time, allow to cool (filter off any slight 
precipitate), and add a strong solution of 
ClNao ; allow to stand for some time in a 
warm place, as long as a black precipitate 
forms, and filter. 



Pbeoif. — IffisHoe. 
Confirm by heating 
a small portion of 
it on a borax-bead 
before the blowpipe 
flame. 

A yellowish to sherry- 
red bead. 

Presence of NI. 



The BOLunov con- 
tains the cobalt as 
KeCosCyis. Evapo- 
rate to dryness, imd 
test a little of the 
residue before the 
blowpipe flame on a 
borax bead. 

A blue bead in both 
flames. 

Presence of Co. 



2fote 1. If no pure NaHo can beprocured, a comparative test should be made, by acidulating a 

precipitating it with dilute b!c1 and AmHo. If the amount of precipitate thus obtained 
whether Al oe present or not in the mixture. 
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addition of a few small crystals of •< X;^,.* Digest at a gentle heat, as long as any chlorous odour 

COBao^' and shake well. Allow to subside in a flask kept corked, to exclude the air as much as 
and Co, as well as BaCls, arising from the double decomposition of the COBao'', by the 
salts) of Fe*^, Al**^ and Cr*% as well as the excess of COBao" employed — on a filter and wash with 



Precipitate. — ^Dissolve in dilute HCl ; remove the BaClj thus formed, by dilute SO2H03 and 
filter. Nearly neutralize the filtrate with CONao2, and add pure NaHo (free from alumina) 
(Note 1) in excess, and boil for some time. FejHoe and Cr^Hoe are precipitated. Al^^o^ 
dissolyes in excess of NaHo. 



I 



Pbecipitatb. — ^Fuse with fusion-mixture and IffOsKo on pla- 
tinum foil. Dissolve the alkaline chromate which is thus 
formed in hot water, and filter. 



Besidtje. — ^Dissolve in dilute 
HOI and add E:4FeCy8. 

A precipitate of Prussian 
blue. 

Presence of Fe. 

Dilute and test the original 
HCl solution specially for 
Fe" and Fe'^ by means of a 
solution of BKn206Ko3, as 
well as by means of K4FeCyg, 
K6Fe2Cyi2, or CyAms. 



Solution, yellow. Confirm by 

f CTT 

acidulating with< ^^q^^ and 

Tellow precipitate of 
CrOaPbo". 

Presence of Gr. 

Test the original substance 
specially for Cr203 and 
CrOs, by boiling a small 
portion with CONao2. The 
filtrate contains the chro- 
mate, and the residue the 
Cr203. The latter may be 
converted into a soluble 
alkaline chromate by fusion 
with CONao2 and NO2K0. 



Solution. — ^Acidulate with di- 
lute Hd and add AmHo 
in slight excess. 

White gelatinous precipitate. 

Presence of Al. 



quantity of sodio hydrate, about equal in bulk to that employed for redissolving the alumina, and 
from the i^agent alone, at aU equals that of the AI2H06 precipitate, it must remain doubtful 
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B. POHos is present. — Dissolve the precipitate obtained according to the directions given a 
I OKo' ^ necessary. Digest at a gentle heat, as long as any chlorous odour is perceptiUe. 

metals Zn, Mn, Ni, Co, Al*', Cr*^, Fe^^ as well as phosphates of Cr*^ Al»^ Ba, Sr, Ca, and 

and -j 2oHo (^^"^P- ^Reagents, Appendix I, p. 207), as long as a precipitate is produced. Heat 

1 

The SOLUTION may contain the chlorides of Al, Or, Zn, Mn, Ni, Co (Ba, Sr, Ca, Mg), as -well as 
the phosphates of the alkaline earthy metals. Add Pe2Cl6 (Note 2), drop by drop, as long 
as a precipitate forms and till the colour of the supernatant fluid becomes red. The re- 
maining phosphates of the alkaline earthy metals are thus decomposed. Digest for some time 
at a gentle heat ; allow to subside and filter hot. Wash with hot water. 



The soLtTTiON contains now only chlorides — possibly of all the metals of 
Group III, as well as of the metals of the alkaline earths — the whole 
of the phosphoric acid having been eliminated. Add AmCl, AmHo 
and SAm2. A black precipitate is obtained. Filter. 



Solution. — Add COAmo2. 



A white PEECIPITATE 

which may be — 

COBao", 

COSro", 

COCao". 
Examine by Table IV 
(without, however, 
mixing it with the 
precipitate obtained 
in Group IV). 



Solution may contain 
Mg. Add 
POHoNaog. 

White crystalline pre- 
cipitate. 

Presence of Mf;, 

(as phosphate.) 



The PBECiPiTATE con- 
sists of PsOsFe^o^ 
and ferric acetate, 
l^eglect. 



Examine peecipitate 
according to Table 
IIlAforCo,]Sri,Mn, 
Zn, Al and Cr. 

Test a portion of the 
original substance, 
dissolved in water or 
HCl, for Fe" and 
Fe»^ 



Note 1. — Test a portion of this hydrochloric acid solution with ammonic molybdate for 
Ca, Mg, were originally present, but only phosphates of Ni, Co, Mn, Zn and Fe, decomposable by 

Note 2. — If P62CI6 produces no further precipitate with a portion of the acetic acid solution, 
dissolution of PeS in HCl being frequently sufficient to decompose the whole of the phosphates 
Ca and Mg. In this case no ferric salt need be added to the main portion of the solution, and the 

Note 3. — Instead of fiising with Si02 and C0Nao2, the presence of PaOaAljO^ (PsO]Cr^^ 
with NaHo, which dissolves PjOjAlso^* and decomposes the ferric phosphate, with formation of 
reprecipitated. 
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the General Table under Group III B., in dilute HOI, with the addition of a few crystals of 
Filter off sulphur, if necessary (Note 1). The solution may now contain the chlorides of the 

{CH 
CONao 

gently, and filter hot. 



The PEECIPITATE may consist of P202Fe50^*, P202Al20^^ (Note 3), P202Cr20^. Dry on the 
filter. Fuse in a platinum crucible with SiOj and pure fusion mixture, together with a little 
1102X0. Dissolve in hot water, add COAmo2 ; digest, allow to subside and filter. 



Besidtjb may consist of SIH04, Sl303Fe20'S Sl303Al20'^ and Pe2Ho^. 
Acidulate with HOI ; evaporate to dryness and ignite gently. Extract 
with a few drops of concentrated HCl and hot water. Filter. 



Solution. — Nearly neutralize with C0Na!b2, and 
add pure NaHo in excess. Heat and filter. 



Restdfe. — Pe2Ho6. 
Confirm by dissolv- 
ing in HOI and 
adding OyAms. A 
blood-red colour. 

Presence of Fe 

{as phosphate) . 



Solution. — Acidulate 
with dilute HOI and 
add Am Ho in sUght 
excess. 

A white gelatinous pre- 
cipitate. 

Presence of Al 

{as phosphate). 



Residue SiOi. 
Neglect. 



{ 
({ 



and 



zPbo 



// 



and 



Solution. — Add 
CH3 
COHo 

CHsN 

CO/ 
Yellow precipitate. 
Presence of CrOs, 
therefore 
Presence of Cr. 
{as phosphate). 



A white precipitate of 
PaOaPbo^a indicat- 
ing the presence of 
POH63, may be neg- 
lected. 



phosphoric acid. The absence of a yellow precipitate proves that no phosphates of Al, Cr, Ba, Sr, 
SAmo. Proceed, therefore, to examine the solution at once by Table IIIa. 

it is obvious that no phosphates of the alkaline earthy bases are left, the PCaCl^j derived from the 
of the alkaline earthy metals in an acetic solution into ferric phosphate and chlorides of Ba, Sr, 
examination of the filtrate may at once be proceeded with according to Table IIIa. 

is rarely met with) may also be ascertained by boiling the precipitated phosphates of Fe and Al 
•■O2H06. Filter. Acidulate the filtrate with dilute HCl; add AmHo, when P2O2AI2O'* is 
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EXAMINATION FOR ACIDS. 

Before proceeding to the examination for acids, the analyst will 
do well to consider carefdlly which acids can possibly be combined 
with the bases present. A pemsal of the Table of Solubility of 
Salts, given in the Appendix, will materially aid him, and will pro- 
bably save him mnch labour and time. 

Some acids are detected on examining for bases, viz., AS2OS, 
A83O5, SiOa, and POH03 in combination with metals of Group III 
and IV, CrOjHoa, CO2, SH2, SOH02, SSOHoj, ClHo, NOHo, the 
six lastly mentioned acids on dissolving the substance in dilute HOI, 
or on adding HCl in Group I. 

A careful preliminary examination for acids will probably lead 

to the detection of^ further number of acids, c.gr., of HI, < QTTf.* 
^^''' { OHo' ^^ { OHo' NO2H0, (NOHo), HCl, (ClHo), HF, 

HCy, H^FeCye, HeFe^Cy^, CyHo and CyHs, { g^^ and { ggj^. 

The presence of other organic acids is likewise indicated. When 
more than one of these acids is present, the detection is somewhat 
more difficult, and the results obtained by a preliminary examination 
for acids require to be carefully confirmed by the examination of the 
solution. Thus a chloride in the presence of a nitrate, when 
treated with concentrated SO2H02, evolves chlorine and red fumes 
of lower oxides of nitrogen ; in the presence of a chromate, brownish- 
red ftimes of Cr02Cl2. HgCl2, Hg2Cl2, or SnCU does not evolve 
HCl when treated with S02Ho2. Polysulphides, when treated with 
HCl, evolve SH2, with separation of sulphur. SO2 and SHt, when 
evolved simultaneously, destroy each other, etc. 

When the preliminary examination gives no distinct indication 
of the presence of any of the acids just mentioned, SO2H02, BH03, 
POH03, Si02 will have to be looked for. 

The analyst will have to bear in mind that acids cannot be 
detected in the same systematic order as bases, and that he ought, 
therefore, never to be satisfied till he has confinned the presence of 
acids by the most characteristic special tests. 
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Preparation of Solutions for Acids. 

Great care ouglit to be bestowed upon the preparation of the 
solutions required for the examination of acids. On boiling a por- 
tion of the substance under examination with C0Nao2 nearly all the 
metals other than alkalies are precipitated in the form of carbonates, 

basic carbonates, or oxides. 

(It is necessary to decompose the salts first in order to prevent the precipita- 
tion by the several reagents employed for the detection of acids in the wet way, 
e.g.y of Ba, Sr, Ca, or Pb, on the addition of SOaCao" or SO^Mgo'' ; of Ag, 
'Hg'a or Pb, by BaCla or CaCla ; of Fe and others by AmHo, etc., etc.) 

The precipitate produced by CONao2 (which reagent ought to 
be added in the least possible excess) is filtered off, and the filtrate 
tested with a few more drops of CONao2. If no further precipita- 
tion takes place, the solution is heated to boiling, and 

1. Dilute HCl added to a portion of it, as long as CO2 is evolved, 
and till the solution is rendered distinctly acid. 

(Small quantities of SOaNaoa and NaCl are almost invariably contained in 
the commercial CONaoj ; it is therefore necessary to test a portion of the 
aqueous or HCl solution of the substance, prepared without the intervention of 
CONaoo, for SO2H03 by means of BaCl2. A nitric acid solution of the original 
substance is in like manner tested for HCl by adding lff02Ago.) 

2. Another portion of the alkaline filtrate is rendered acid by 
means of dilute NO2H0 and boiling. 

coIt ' 

and lastly — 

4. A fourth portion of the alkaline solution is ca/refully neu» 
tralized by first adding dilute NO2H0, drop by drop, and boiling, 
as long as CO2 is evolved and till the solution is distinctly acid to 
test-paper : then by adding a few drops of very dilute AmHo, till 
the solution gives a neutral reaction with blue and red litmus- 
papers. The strictest attention should he paid to these directions, and 
the least possible excess of either acid or alkali should be employed, 
since the precipitation of several acids is prevented by the formation 
of an ammonic salt in anything like large quantities, on account of 
the formation of a soluble double salt, e.g., ammonic calcic tartrate, 
ammonic calcic citrate, etc. 

If the preliminary examination for bases has shown the presence 
of ammonic salts, it is necessary to decompose them by boiling with 
caustic NaHo, before preparing Solution IV. 

Ebullition or fusion with (JONao2 decomposes the phosphates of 
the alkaline earths but very imperfectly, and the phosphoric acid so 
combined is invariably detected by means of Mo02Amo2. (Comp. 
Table III B.) 

If organic acids are present in combination with heavy metals 
(viz., those of Groups I and II), SH2 should be passed through the 
slightly acid (HCl) solution and the precipitate filtered off*. The 
solution is fireed from SH2 by boiling, then rendered slightly 
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alkaline by means of a few drops of NaHo and tested by means of 
CaCl2 (ammonic salts should be careftilly avoided). 

No further noticje need be taken of the following acids : CO2, 

{ctt 
COHo' ^^^^® *^®y ^^^ ^® detected with 

certainty by a preliminary examination, and as they would, for the 
most paxt, be lost on acidulating the solutions. 

Portion Acidulated with HCl. 

SO2H02. — On the addition of BaCl2 a white precipitate insoluble on 
boiling. 

SiHo4. — On the addition of AmCl or COAmo2 a gelatinous pre- 
cipitate, requiring no further confirmation, since Si02 is left 
on evaporating the filtrate from Group II with NO2H0. 

HiFeCye. — On the addition of Pe2Cl6 a deep blue precipitate. 

SOaFeo" light „ 

H6Fe2Cyi2. — „ „ „ dark deep „ ,, 

,, „ PegCle a brown coloration only. — If 

both acids are present, filter off, after adding Pe2Cl«, and 
observe the colour of the filtrate. On the addition of S11CI2, 
or SOH02, to the filtrate, a blue precipitate is immediately 
obtained, confirmatory of the presence of H6Fe2Cyisr. 

CyHs. — Pe2Cl6 produces a blood-red coloration, which is destroyed 
by HgCl2 and not by HCl (the red colour which acetic acid 
imparts to a solution of Pe2Cl6 is destroyed by HCl). 

2HF,SiF4. — On the addition of BaCl2 a gelatinous translucent 
precipitate of BaF2,SiF4is obtained, which is decomposed by 
strong acids. Confirm by heating the precipitate, when 
volatile SiF4 is given off. AmHo precipitates gelatinous 
SiHo4 with formation of AmF, BaF2 and OH2. 

Portion Acidulated with NO2H0. 

HCl. — On the addition of N02Ago a white curdy precipitate, 
soluble in AmHo. For the distinction between hydrochloric 
and chloric adds comp. p. 121. 

HBr. — On the addition of NOjtAgo a yellowish-white precipitate, 
difficultly soluble in AmHo. Confirm by adding chlorine 
water to the original solution, and shake up with ether. 
Bromine dissolves to a yellowish-red liquid. 

{^^y,. — On the addition of N02Ago a whitp amorphous precipi- 

tate, little soluble in water and dilute NO2H0, easily soluble 

r OBr 
in AmHo. — AgBr and < qAo-o ™^^ ^ separated by wash- 
ing with water. Argentic bromate being soluble may be 
detected in the solution by the addition of SOH02, when a 
precipitate of AgBr is obtained. 

For the distinction between HBr and HGly comp. page 125. 
HI. — On the addition of N02Ago a yellowish white precipitate. 
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scarcely soluble in AmHo. Confirm by the blue colour im- 
parted to starch paste by the iodine liberated by N2O3 gas. 

1 OHo* — ^^ *^® addition of N02Ago a white precipitate of < q Ao-o' 

sparingly soluble in dilute NO2H0, soluble in AmHo (A^I 
is insoluble), whence Agl is precipitated on the addition of 
SOUoj. On adding acetic acid to a mixture of an iodide 
and iodato the former is instantly decomposed, iodine being 
set free, — most readily recognised by the delicate iodide of 
starch reaction. 

Distinction hetweeii HCl atid HI. — HCl in the presence of 
HI cannot be distinguished in the same ready manner as 
HCl in the presence of HBr. The two acids are preci- 
pitated by NOaAgo. The precipitate is digested with AmHo 
and filtered, Agl being insoluble in AmHo. Dilute NO2H0 
reprecipitates white AgCl from the filtrate. 

Distinction between HGl, HBr, and HI. — Precipitate the 
HI as CU2I2 by means of SO2CU0" and SOjFeo" or SOH02, 
and filter. Remove the cupric and ferric salts by a little 
pure NaHo, evaporate the filtrate to dryness, and examine 
for HCl and HBr by testing one portion for HCl with 
Cr206Ko2 and SO2H02, and another for HBr by chlorine- 
water and ether. 
HCy. — On the addition of NOaAgo a white curdy precipitate, 
soluble in AmHo and alkaline cyanides. 

In order to distinguish HCy in the presence of HCl, filter 
off precipitate, wash well, and ignite in a porcelain crucible 
to red heat. Dissolve the metallic Ag left by the decom- 
position of AgCy with a little hot NO2H0, and test the 
clear solution with HCl. A curdy white precipitate indicates 
HCy. Confirm also by the reaction with ferroso-ferric salts, 
KHo and HCl in a fresh portion of the solution. 

Distinction between HGl, HBr, HI, and HCy. — Test 
specially for HCy, before proceeding to the examination of 
the other acids as described, by treating a small quantity 
of the mixed salts in a porcelain dish with very dilute 
SO2H08, and causing the evolved HCy to act upon a drop 
of N02Ago, or a little S2Am2, contained in a second por- 
celain dish, inverted over the one containing the mixed 
salts. A white precipitate of AgCy is obtained; or the 
CyAms which is formed gives a blood-red colour with ferric 
salts, affording equally conclusive evidence of the presence 
of HCy. 

H4FeCy6 > are likewise precipitated on the addition of N02Ago, 

H6FeCyi2j 

and are insoluble in dilute NO2H0. The first and second 
form salts which are insoluble in AmHo, whilst AggFe2Cyi2 
is I'eadily soluble. These acids are, however, best detected in 
the portion acidulated with HCl. 
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No other cyanogen compound but a cyanide gives off HCy when 
treated with very dilute SO3H02, and it is therefore possible also to 
distinguish HCy in the presence of CyHs, OyHo, H4FeCy6, HjFeaCyij. 

{CH 
coil • 

HF. — On the addition of CaCls a white gelatinous precipitate. 
SO2H08 is likewise precipitated by CaCla in an acetic acid 
solution ; it is therefore necessary invariably to test specially 
for HF, by etching on glass. 

I COR • — ^^ ^^® addition of SOgCao" a white precipitate of 

r QQ 

1 CO^^ ^ obtained, which on ignition leaves COCao", 

/ CH 
soluble with effervescence in -J qojt • (Calcic fluoride is not 

affected.) 

CrOaHoa. — On the addition of plumbic acetate a yellow precipi- 
tate. 

POH03. — On the addition of Fe2Clg a yellowish-white gelatinous 
precipitate from a solution of a soluble phosphate, or a phos- 
phate decomposable by boiling with CONaog. Arsenic acid, 
if present, should be first removed by means of SHg. 

Portion Rendered Neutral. 
TH02. — On the addition of CaCls a white precipitate, soluble in 
AmClor coldKHo.— SO2H02, | qqHo' ^^' ^^^^3, AsOHoa, 
BH03, SiHoi, CO2, SOH02, are likewise precipitated by CaClj 

from a neutral solution, and TH02 can obviously be detected 
only by further special tests in the presence of any of these 
acids. The most characteristic reaction consists in warming 

some TAg02, dissolved in very little dilute AmHo, in a water- 
bath, until a bright mirror of metallic silver is obtained on 
the sides of the test-tube. 

CiHoa. — On the addition of CaCU no precipitate is obtained till 
excess of AmHo, or CaHo2, has been added and the solution 
boiled. 

The detection of tartaric and citric acids — indicated during 
the preliminary examination by a strong odour of burnt sugar 
— requires great care and strict attention to the few points of 
distinction which exist between them. The precipitate pro- 
duced by CaCla in the cold should be filtered off, and the 

filtrate tested for CiHoa, by adding a drop of AmHo and 
boiling, when a fresh precipitate of calcic citrate is obtained. 

CiAgOa dissolved in dilute AmHo, forms a less lustrous 
mirror, and only after boiling for a long time. 
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BH03. — CaCJ2 prodaces from a concentrated solution of a borate a 
whitish precipitate solnble in AmCl. Boric acid is also indi- 
cated in the preliminary examination by the swelling np of 
some of its saline compounds, and the precipitation of a con- 
centrated solution of a borate with concenlrated S03no2 or 
HCL 

More delicate, however, is the reaction which boric acid 
gives with turmeric paper, and the colour which boric fluoride 

imparts to the flame. (Comp. page 181 and 142.) 

BzHo. — On the addition of FegCle a pale yellow precipitate. Con- 
firm by the reactions which a benzoate ^ves in the prelimi- 
nary examination, since a precipitate of Fe2Ho« is frequently 
mistaken for ferric benzoate, owing to imperfect neutraliza- 
tion. 

SuHo]. — On the addition of FejCU a reddish brown precipitate. 

For the distinction between benzoic tmd succinic acidsy com- 
pare page 168. 
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REAGENTS. 
SOLVENTS. 

Distilled Water.* — Obtained by condensing steam by means of a tin wonn. 
The first portions of the condensed water usually contain carbonic anhydride and 
ammonic carbonate, and should be rejected. 

Impurities. — ^When eyaporated in a platinum vessel, distilled water should 
not leave a solid residue, either organic or mineral. Ammonic sulphide ought 
not to give a precipitate (Cu, Pb, Fe), neither ought basic plumbic acetate to 
cause a turbidity (CO2, COAmo2). No turbidity or precipitate should be pro- 
duced, moreover, on the addition of ammonic oxalate (lime), baric chloride (sul- 
phates), or argentic nitrate (chlorides). Pure distilled water is colourless, 
inodorous, and tasteless. 

Water used for Nessler's test should be specially distilled in a glass retort 
with a few pieces of caustic potash, and the distillate rejected as long as the 
Nessler solution indicates any traces of ammonia. 

Alcohol (If ethylated Spirit), C2H'5Ho or EtHo. — Ordinary methylated 
spirit (i.e.y ethylic alcohol, 90 p. c, mixed with 10 p. c. of wood spirit or methylic 
alcohol) may be employed for most purposes. It can be rendered absolute by 
shaking with well dried potassic carbonate and distilling the clear spirit in a fladk 
or retort from a water-bath. 

Impurities. — Commercial methylated spirit frequently leaves a residue on 
evaporation, if so, it should be rectified by distillation. It should be without 
action upon litmus papers. 

Ether, OEtj. — The ordinary ether (methylated, i.e., prepared from methy- 
lated alcohol) of commerce, is pure enough. 

ACIDS. 

Sulphuric Acid,* SO2H02. — Common oil of vitriol may be used in all 
operations with which its usual impurities (lead, arsenic, iron, lime, nitric acid) do 
not interfere. Sulphuric acid, free from arsenic, should be employed for genera- 
ting arsenietted or antimonietted hydrogen, and an acid free from lead, whenever 
this metal has to bo precipitated as sulphate. Sulphuric acid, free from nitric 
acid and nitric peroxide, ought to be employed in testing for nitric acid by means 
of ferrous sulphate. 

Impurities. — ^Pure sulphuric acid is colourless, and leaves no residue on evapo- 
ration in a porceltan dish. When a solution of ferrous sulphate is poured upon it 
in a narrow test-tube, it should not form a brown ring where the two liquids 
come in contact (nitric acid and nitric peroxide), nor strike a blue colour when a 
highly diluted solution of the acid is added to a solution of pure potassic iodide 
and starch paste (nitric peroxide). The presence of arsenic is best ascert-ained 
by passing a current of sulphuretted hydtogen through the dilute acid, or by 
generating hydrogen from zinc free from arsenic, and passing the gas tlirough an 

* The asterisk marks the more important reagents. 
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ignited combustion tube (Marsh's test, Fig. 14). Plumbic sulphate is frequently 
found in sulphuric acid, and is precipitated on diluting with water, being less 
soluble in dilute than in concentrated acid. Hydrochloric acid should cause no 
turbidity (lead) where the two liquids meet. 

The pure acid can readily be bought now, and the student should not attempt 
to purify the crude acid. 

Dilute Sulphuric Acid.* — Prepared by pouring slowly one part by 
measure of the concentrated acid (sp. gr. 1-8) into five parts by measure of dis- 
tilled water, with continuous stirring. Thin glass vessels (beakers) or a porcelain 
dish shoiild be employed, as much heat is evolved. Allow the plumbic sulphate 
to subside, and decant or syphon off the clear liquid. 

Nitric Acid,* Aqua fortis^ NO2H0. — Should be colourless, and leave no 
residue on evaporation in a glass dish. 

Impurities. — Sulphuric and hydrochloric acids. Dilute considerably, and test 
portions with baric nitrate and argentic nitrate. 

Dilute Nitric Acid.* — Prepared by diluting one part of pure commercial 
acid (sp. gr. 1*38 to 1*45) with three parts of distilled water. 

Crude Nitric Add.* — ^May be employed for all experiments in which the 
above impurities do not interfere, e.g., in the preparation of N2O2 or N2O3 by 
the action of nitric acid upon copper or arsenious anhydride. 

Concentrated Hydrochloric Add,* Muriatic Add. HCl. — Should be 
colourless, and leave no residue on evaporation. 

Impurities. — Ferric chloride, sulphurous and sulphuric acids, arsenic. The 
acid should not impart a blue colour to a solution of £1 and starch paste (CI or 
FOjCl^). On adding a few drops of a solution containing iodide of starch, the 
blue colour should not be destroved (SO2). The dilute acid should remain clear 
on the addition of a solution of baric chloride (SOjHos). Sulphuretted hydro- 
gen, when passed through the dilute acid, should not produce a precipitate 
(arsenic), nor should ammonic sulphocyanate redden the diluted acid (iron). 

Dilute Hydrochloric Acid.* — Pure commercial acid, sp. gr. 1*16, is diluted 
with three times its bulk of distilled water. 

Crude Hydrochloric Add.* — Should be employed, whenever the impuri- 
ties which it contains do not interfere with the object in view, as for instance in 
the preparation of chlorine from manganic dioxide. 

Aqua llesia or NItrohydrochlorIc Acid. — Prepared, when required 
only, by mixing one part of concentrated nitric acid with three to four parts of 
hydrochloric acid. 

Sulphurous Add, SOH02. — Prepared by acting with concentrated sul- 
phuric acid upon copper, and passing the gas into water. The solution shoidd 
be kept in a well stoppered bottle. 

Carbonic Add Water. — A solution is prepared by acting with hydro- 
chloric acid upon marble, and passing the evolved carbonic anhydride into 
water. 

Chlorine Water. — ^A solution of chlorine in wnter is rei^dily prepared. It 
should be kept in a well-stoppered bottle, and in a dark place, since on exposure 
to light, it is speedily converted into HCl with evolution of oxygen. 

f csir 

Acetic Add,* < COHo' ^^^^ commercial acid of sp. gr. 1*04, diluted with 

one part of water may be used. It should leave no residue on evaporation. 
Impurities. — Sulphui'io and hydrochloric acids, lead, copper, iron, lime. 
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Tartaric Add, THoj. — ^A solution is prepared when required only, as the 
acid undergoes decomposition in an aqueous solution. One part by weight of 
commercial tartaric acid of sufficient purity is dissolved in three parts of water 
(ue., 1 grm. in 8 c.c. of water). 

Impurities, — Tartaric acid contains sometimes gypsum and calcic tartrate, 
which are best tested for by igniting a few crystals on platinum, extracting the resi- 
due, if any, with a few drops of dilute HCl, and adding to one portion saCl2> to 



another AmHo, and { gow 



CSOHo* ^^^ commercial acid is sufficiently pure. It 

should not leave more than a trace of a residue on ignition. 

Impurities. — Iron, potassio and sodic oxalates, lime. Dissolve one part by 

weight of the crystallized acid, \ oqH * "^ ^ °^*' ^ ^^ parts by measure of 
water. 

Hydrpllaoric Acid, HF. — A solution stored up in a gutta-percha bottle is 
best bought, as its preparation involves expensive apparatus. It should leave no 
fixed residue on evaporation to dryness. 

Hydrolluosillcic Acid, 2HF,SiF4. — ^A solution of this acid in water is 
prepared, as described, p. 133. It should be made sufficiently strong to precipi- 
tate a soluble baric salt readily. 

Impurities, — Owing to the mode of preparation the acid is often contaminated 
with sulphuric acid. It should not produce a precipitate in a solution of a 
strontio salt (SO2H02). 

Hydrosulphuric Acid, SH2. — Prepared when required. In well ap- 
pointed laboratories sulphuretted hvdrogen is now usually stored in a gasholder 
over oil, and supplied like coal gas trom. small taps in closets connected with the 
chimney. The gas, whether obtained from a constant generating apparatus, or 
from a gas-holder, should invariably be passed through a wash-bottle containing 
water. A saturated solution of sulphuretted hydrogen in water answers most 
purposes of the analyst. It should be kept in a well-stoppered bottle, since 
sulphuretted hydrogen decomposes rapidly when in contact with air with forma- 
tion of sulphuric acid and precipitation of white si^hur. 

If the gas be required entirely free from A8H3, it should be generated by 
acting with pure HOI (concentrated) upon native grey antimony ^ Sb2S8. 

BASES AND METALS. 

Potassic Hydrate,* KHo, or Sodic Hydrate, NaHo. — ITsually obtained 
in commerce in the fotm of sticks or Itmips, which may be dissolved in twenty 
parts of water. 

Impurities. — Silica, alumina, phosphoric, sulphuric, and hydrochloric acids 
(sulphates and chlorides, often in not inconsiderable quantities), and carbonic 
acid. On dissolving in water, and allowing the suspended matter to subsid", the 
clear solution may be syphoned oS. 

Pure sodic hydrate is indispensable for the separation of alumina from the 
oxides of iron and chromium. 

Ammonie Hydrate,* AmHo. — The liquor ammonuB of commerce, sp. gr. 
*88, is diluted with distilled water till the liquid has a sp. gr. of *96 » 10 per 
cent, of NH3. 

Impurities. — ^A solution of ammonia should be colourless; on neutralizing 
with pure HCl it should remain inodorous. When evaporated in a glass or pla- 
tinum dish, it should not leave any residue. Ammonia contains frequently 
traces of sulphuric and hydrochloric acids, and sometimes not inconsiderable 
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quantities of ammonic carbonate, when it produces a white precipitate on the 
addition of lime water. 

Baric Hydrate,* SaHoj. — Obtained by dissolying in a stoppered bottle 
one part of crystallized baric hydrate, SaHoj + 8aq. in twenty parts of water. 
Allow to subside and syphon off into another well-stoppered bottle. 

Impurities. — ^The solution commonly called haryta-water should, on precipi- 
tating with pure SO2H02, give a filtrate which leaves no fixed residue on evapo- 
rating to dryness into a platinum vessel. 

Calcic Hydrate,* CaHoj. — Freshly slaked lime in powder is used in 

qualitative analysis, as well as a solution of lime, so-called lime-water. This is 

. prepared by dissolving in cold distilled water some freshly slaked lime, allowing 

to subside in a stoppered bottle, and syphoning off the clear liquid into another 

bottle. Lime-water contains about 1 purt of lime dissolved in 600 of water. 

Amnionic Sulphide,* SAm^. — Prepared by saturating three parts of 
anmionic hydrate vrith sulphuretted hydrogen gas, whereby SHAm is formed. 
On diluting this solution of hydric ammonic sulphide with two parts of ammonic 
hydrate, a sulphide is obtained which contains a little free anunonia. The oon- 
eentrated solution may be diluted with ten times its bulk of water. It shoidd be 
kept in well-stoppered bottles. Calcic or magnesio salts should not be precipi- 
tated ; nor should the solution leave a residue on evaporation and ignition. The 
oxygen of the air decomposes it graduaUy into NHs, OHj and yellow SSAmj. 

Yellow Amnionic Sulphide, SSAms. — Used for the solution and con- 
version of SnS into SnSa. It may be prepared by digesting the neutral SAm2 
with flowers of sulphur and filtering the liquid. 

Sodlc Sulphide, SNaj. — Prepared by saturating one portion of a solution 
of sodic hydrate with sulphuretted hydrogen, and adding to it the second portion. 
A little ferrous sulphide, which is generally precipitated, is filtered on. The 
solution must be kept in a well-stoppered bottle. 

SALTS. 

Potasslc Sulphate, SOgKos. — Dissolve one part of the commercial salt 
in twelve parts of water. 

Potasslc Iodide, EI. — ^The commercial salt is generally sufficiently pure. 
Dissolve in sixty parts of water. Pure KI should be free from iodate and carbo- 
nate. It should not colour starch paste blue on the addition of dilute 
SO2H02. 

Potasslc Nitrite, HOKo. — ^Dissolve one part of the commercial salt in two 
parts of water, when required for use. 

Potasslc Chromate, OrO^Kos. — ^Dissolve the salt of commerce in ten 
parts of water. 

Impuritieg. — Sulphuric add. The solution ought not to become turbid on 
the addition of dilute HCl and SaOlg. 

Dipotassic Dlchromate, CViO^Ko^. — Purify the commercial salt by re- 
ciystaUisation till it is free from SO2K02, and dissolve one part in ten of water. 

Potasslc Metantimoniate, Sb02Eo + 5 aq. — Prepared by deflagrating 
in a Hessian crucible one part of finely powdered antimony with four parts of 
saltpetre. Pour the fused mass on a stone slab. Powder it, and boil with twelve 
parts of water for two or three hours, and filter, when a dear and neutral s<dution 
is obtained. KCl and AmCl should not predpitate it. 

Potasslc Ferrocyanlde,* K4FeCy6, and Ferricyanide, E^FeiOyu. — 
These salts can be purchased in a state of siifficiait purity. They are cUssolvi^d, in 
sm^ quantities at a time, in twelve parts of water. 
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Potassic Salphoeyanate, GyKs, or Ammonlc Salpliocyaiiate, 

CyAms. — Dissolye in 10 parfcs of water. 

Impwritiest such aa SO2H03, do not interfere with the reactions. 

Sodic Carbonate,* OONao2. — Procure the pure salt, which should he free 
from sulphate and chloride. The solution should not giye a precipitate after 
conyersion into a nitrate, when treated with concentrated MPO2H0 and 
XoOsAmoj, and should not leaye a residue, insoluble in water^ on acidulating 
with pure HCl and eyaporating to dryness (Si02). 

Dissolye the drj salt in fiye parts of water. 

Hydrie Dlsodio Phosphate,* POHoNaoa + 12 aq. — ^Becrystallise the 
commercial salt and dissolye one part of pure salt in ten parts of water. 

Impurities. — Sulphate and cnloride. — ^Ammonic hydrate should not cause 
any turbidity on warming (alkaline earthy phosphates). 

CONao "*" ^ ^' — ^^^® conmiercial salt generally contains 

sodic sulphate. If a pure salt cannot be jprocured, sodic acetate may be prepared 
by neutraUsing pure sodic carbonate with pure acetic acid. Dissolye the salt in 
ten parts of water. 

Sodic Aeetate and Acetic Acid. — Dissolye 20 grms. of pure crystal- 

{OTT 
CONao ^ ^^ ^'^' ^^ water, and add 40 c.c. of concentrated 

COHo* ^^ solution is used for the precipitation of ferric, aluminio, and 
chromic phosphates. 

Hydric Sodic Sulphite, SOHoNao. — ^Dissolye one part of the salt in 
fiye parts of water. Hydric ammonic sulphite may frequently be used witl^ 
greater adyantage. 

Sodic Hyposulphite, SSONaoj + 5 aq. — ^Beadily procurable in a pure 
state. Dissolye one part of the salt in forty parts of water. 

Sodic Hypochlorite, ClNao. — Prepared by shaking up one part of bleach- 
ing powder with ten parts of water, and adding a saturated solution of commer- 
ci^ sodic carbonate as long as a precipitate is produced. Allow to subside, and 
syphon off. 

COAmo "*" *^* — Purify the commercial salt by 
recrystallisation and dissolye one part in twenty-four parts of water. 

Impurities. — ^The salt should leaye no fixed residue on ignition. Sul- 
phuretted hydrogen or ammonic sulphide ought not to produce a turbidity or a 
precipitate. 

Amnionic Carbonate,* OOAmos. — ^Prepared by dissolying one part of the 
commercial sesquicarbonate, after scraping off from the limips any foreign 
matter, in four parts of water and adding one part of strong ammonia solution. 
If a precipitate of ferric hydrate be thrown down, it is allowed to subside, and 
the clear solution is syphoned off. 

Impwrities. — Iron, lead, sulphuric and hydrochloric acids. The salt should 
yolatilize completely and giye no precipitate with baric chloride, or argentic 
nitrate (after aciduuiting with hydrochloric or nitric acid respectiyely), also no 
precipitate with sulphuretted hydrogen or ammonic sulphide. 

■ydrlc Amnionic Carbonate, OOHoAmo. — Obtained in colourless 
rhombic prisms, on passing carbonic anhydride to supersaturation into a 
concentrated solution of ammonia. The salt is employed for the separation 
of As^s from SbsSs and SnSj. A saturated solution is prepared when 
required. 
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Ammonlc Chloride,* AmCl. — Tlie commercial salt (sal-ammoniac) usually 
contains iron. Purifj by adding to the solution a little ammonio hydrate. 
Allow the ferric hydrate to subside and neutralize the alkaline filtrate exactly 
with pure HCl. The salt should leaye no fixed residue on ignition. Dissolve in 
five parts of water. 

Animonic Molybdate, Xo02Amo2. — This salt may be purchased. It is 
dissolved in strong ammonia and allowed to stand for some time. A slight yellow 
precipitate contmning ferric hydrate usually subsides. The clear fluid is poured 
into concentrated nitric acid as long as the moljbdic acid which at first precipi- 
tates is entirely redissolved. The nitric acid solution should remain colourless on 
boiling. A yellow precipitate indicates contamination with phosphoric acid, and 
the reagent should not be used, till it remains clear on digestion. 

Amnionic Sulphate, SOaAmoj. — ^Becrystallize the commercial salt from 
an ammoniacal solution in order to separate iron. Keep a saturated solution for 
use. 

Ammonie Nitrate, NOjAmo. — The commercial salt is dissolved, when 
required, to a saturated solution. It should leave no residue when ignited on 
platinum. 

Baric Chloride,* 8aCl2 + 2 aq. — ^The commercial salt is rareljr pure 
enough, and not unfrequently contains lead. It should not give a precipitate 
with sulphuretted hydrogen or ammonie sulphide, nor should a residue be left 
after precipitating the whole of the barium by pure sulphuric acid and evapo- 
rating the filtrate in a platinum dish. Purify, if necessary, by passing a current 
of sulphuretted hydrogen, filtering and recrystallizing. Dissolve in ten parts of 
water. 

Baric Nitrate, ViOiBao^^ — Should not be precipitated by argentic 
nitrate, as it is sometimes employed, instead of baric chloride, in order to avoid 
introducing any chlorine into a solution. Pure baric acetate answers the same 
purpose. For other impurities, test as for baric chloride. Dissolve one part 
m 15 parts of water. 

Baric Carbonate,* OOBao'^ — Prepared by precipitation of pure baric 
chloride with ammonie carbonate and AmHo. Wash well till free from AmCl ; 
stir up the precipitated baric carbonate with water to a thick creamy con- 
sistency, and keep it for use in a stoppered bottle. Shake up before using this 
reagent. 

Calcic Chloride,* CaCl^ + 6 aq. — The commercial salt is dissolved in five 
parts of water. The solution should be neutral to test -papers, and should not be 
precipitated by ammonie sulphide (iron). 

Calcic Sulphate, SOqCbo'^ — ^A saturated solution is prepared by re- 
peatedly shaking up gypsum (SOHoaCao" + aq.) with water, allowing to subside, 
and syphoning off the clear liquid. 

Blasneslc Sulphate. — Dissolve the commercial salt (SOHosMgo^' •¥ 6aq.) 
(recrystallized, if necessary), in ten parts of water. 

Ferrous Sulphate. — ^The commercial salt (SOHo2Feo'' + 6 aq.), is pure 
enough. Dissolve as required for use in ten parts of water. 

Ferric Chloride,* Pe2Cl6. — Prepared by dissolving freshly precipitated 
and well washed X'e2Hoe in pure HCl, keeping the ferric hydrate in excess. 
Allow to cool, dilute with an equal bulk of water and filter. 

Plumbic Acetate,* ( -j #«q^) Pbo". DissOiVe the commercial salt in ten 
parts of water. 

Argentic Nitrate,* N02Ago. — Prepared either from silver (pure), or from 
a silver alloy (a silver coin), by dissolving in pure nitric acid, and precipitation as 
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AgCl. Filter off the cupric salt, and wash thoroughly with hot water ; transfer 
to a porcelain dish, and introduce clean strips of zinc. Collect the finely diyided 
silver on a filter, wash thoroughly with hot water, acidulated with a httle sul- 
phuric acid, and dissolve in dilute nitric acid. Evaporate the solution to dryness, 
and fuse the residue gently. Dissolve in twenty parts of water. 

Mercurous Nitrate. — Dissolve the crystals of the commercial salt. 



NO 



j»Q^Hg2o" + 2 aq., in 20 parts of cold water, acidulated with 1*2 part of nitric 
acid. Keep some metallic mercury in the filtered solution. 

mercuric Chloride, XgCi^- — ^Dissolve the commercial corrosive suhlimate 
in twenty parts of water. 

Nessler^H 9olatlon. — ^Dissolve 3*5 grms. of KI in 10 c.c. of water j next 
dissolve 1*6 grm. of XgCU in 30 c.c. of water ; add the mercury solution gradu- 
ally, and with continuous asitation to the solution of potassic iodide, until the 
precipitAte ceases to be re-dissolved ; then add 60 c.c. of potassic hydrate and 
filter. Keep in a small bottle, out of contact with ammonia fumes. 

This reagent is of great value for the detection of mere traces of ammonia. 

Cupric Sulphate. — The commercial salt (SOHo^Ouo'' + 4 aq.) is purified 
by repeated crystallisation. Dissolve the crystals in ten parts of water. 
Impwrities. — Iron, zinc. 

Cupric Chloride, OuClj. — Prepared by dissolving cupric oxide in HCl. 

Cuprous Chloride, 'Ou'2Cl3. — Obtained by digesting OuCls with metallic 
copper and HCl. 

Stannous Chloride, SnClj. — ^Prepared by boiling piure granulated tin in 
concentrated HCl, with the aid of a piece of platinum foil. Dilute with four 
volumes of water, acidulated with HCl. Keep the filtered solution over granu- 
lated tin in a smaU stoppered bottle. 

Auric Chloride, AUCI3. — Prepared by dissolving pure gold in aqua regia, 
evaporating to dryness on a water- bath, and dissolving in water. 

Platinic Chloride, PtCLt. — ^Dissolve some platinum scraps in aqua regia. 
Precipitate with AmCl. Collect precipitate on a Swedish filter paper; wash 
with strong alcohol j dry and ignite in a porcelain crucible, gently at first, and 
lastly to intense redness. Redissolve the spongy platinum in aqua regia. Evapo- 
rate repeatedly to dryness on a water-bath, with addition of HCl. Dissolve in 
ten parts of water. Pure platinic chloride should dissolve completely in pure 
alcohol. 

METALS AND OXIDES. 

Zincy free from arsenic, granulated, and in .the form of strips or sticks. 

Iron (steel) y coppery tiny leady platinum (used in the form of wire, bars, sheet, 
turnings) and mercury can be obtained of sufficient purity for the purposes of 
qualitative analysis. 

Metallic Lead free from SilTcr. — Prepared by precipitation of plumbio 
acetate by metallic zinc. 

Plumbic Dioxide, Pb02. — Readily prepared by digesting red lead in 
boiling dilute nitric acid. The brown powder is well washed by decantation, and 
lastly on the filter. 

jflangranlc Dioxide, ViXkO^. — Use the powdered commercial black oiide. 

Hydric Peroxide, OA, or H02. — A solution may be prepared by passing 
a current of carbonic anhydride through water in which baric peroxide is sus- 
pended. The precipitated baric carbonate is filtered off. 

P 
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Reagents used for Fusions a/nd for Blowpipe Beactions, 
Sodlc Carbonate,* OONaoj. — Should be free from sulphate and chloride. 

Fusion Mixture* or White Flux. — Consisting of dry OONao2 and 
OOE02, mixed in the proportion of their combining weights, ».«., 106 + 138, or 
in the proportion of 10 to 13. 

Pure carbonates free from silica, chlorides, and sulphates, should be pro- 
cured, as their purification cannot be effected without using silver and platinum 
vessels. 

Black Flux. — Prepared by igniting crystals of Mochelle salt (potassic sodic 
tartrate) in a platinum crucible. The residue consists of carbon and alkaline 
carbonates. 

Hydiic Amnionic Sodic Phosphate*, POHoAmoNao + 8 aq. (Rllcro- 

eosmic Salt). — The salt should be dried and used in the form of a powder. 
On being heated in a loop of platinum wire it is converted into POaNao. 

Potafmlc Cyanide,* ECy. —Exceedingly useful for reducing metallic oxides 
and sulphides, either in the crucible or on charcoal. For blowpipe reactions a 
mixture of equal parts of KCy and OONaoj (or fusion mixture), is preferable, 
because it sinks readily into the charcoal and yields metallic globules of great 
purity. For the separation of Ni and Co the salt is dissolved, when required, in 
twenty parts of cold water, as its aqueous solution is rapidly decomposed. 

Potassic Nitrate,* IVO2E0. — Used as an oxidizing agent. The commer- 
cial salt should be purified by dissolving the ciystals in hot water to a saturated 
solution, and allowing to cool in a porcelain dish with continuous stirring. The 
nitrate falls out first as a fine white powder, and the impurities, e.g.f phosphate, 
sulphate, or chloride, are left in the mother liquor. 

Potassic Chlorate,* \ q^^.* — ^his salt can readily be obtained pure, i.e., 

free from chloride. Either by itself, or in conjunction with hydrochloric acid, it 
serves as a powerful oxidizing agent. 

Borax,* 8405Nao2 + 10 aq. — The crystals should be gently heated in a 
platinum crucible till the water of cr\ stalUsation has been driven off, and the 
mass kept powdered and ready for use in blowpipe reactions. 

Hydric Potassic Sulphate, SO2H0K0. — Prepared by heating in a plati- 
num dish 87 parts of normal potassic sulphate with 49 parts of pure sulphuric 
acid, till the clear mass fuses steadily. Pour out on a porcelain slab, and keep 
the lumps in a bottle. 

Cohviltous Nitrate, N20jCoo". — ^Used in solution only. Should be free 
from other metals. Dissolve the commercial salt in ten parts of vrater. 

Vegetable Colouring Matters. — Test-pajpers, 

Litmus Solution. — Its preparation has been described in my Introduction to 
Inorganic Chemistry y p. 9. 

Turmeric Paper, — Prepared by digesting at a gentle heat one jMirt of turmeric 
root with six parts of alcohol. Filter and soak strips of porous paper vrith the 
yellow extract. The dried papers should exhibit a fine yellow tint. Like litmus- 
papers, t' ey serve for the detecti -n of free alkalies. All test-papers should be 
kept in w. U-stoppered bottles or woolen boxes. 

Indigo Solution. — Prepared by gradually stirring four to six parts of juming 
sulphuric acid into one part of iinely divided indigo, and allowing the mixture to 
stanti for 48 hours, before pouring it into 20 parts of water. Filter, and keep for 
use in a dark place. The solution of indigo is used for detecting nitric acid, 
chloric acid, and free chlorine, owing to the formation of products of oxidation of 
a yellow colour. 
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APPENDIX III. 

(A.) EXAMINATION OF A SIMPLE SALT. 

Pbeliminaby Examination fob Base. 

Substance given : wliite crystaUine, readily soluble in water, 

reaction of solution alkaline. 



Experiment. 



Heated some of the pow- 
dered Bubstance in a dry 
test-tube. 



Treated residue with water, 
and filtered. Tested with 
litmus paper. 

Added dilute HCl . . 



Tested HCl extract on pla- 
tinum wire in a Bunsen's 
gas flame. 



Observation. 



GtiTe off water ; fused ; 
was slightly blackened ; 
gave off CO, burning 
with a blue flame. 

The residue dissolved ; 
the solution reacted 
strongly alkaline. 

Effervescence, whilst 

before ignition the sub- 
stance did not effervesce. 

Violet flame 



Inference. 



Oxalate, formate. 



Alkaline oxalate. 



Potassium. 



Examination op Solution for Base. 



Added HCl. 



No p.p. Ab- 
sence of 
Ghroup I. 



Added a solution of SH2 to the same solution. 



No p.p. Ab- 
sence of 
Group II. 



To a fresh portion of the solution added AmCl, 
AmHo, and SAmo. 



No p.p. Ab- 
sence of 
Q-roup III. 



To the same solution added CO Amos. 



No p.p. Ab- 
sence of 
Oroup IV. 



The solution may con* 
tain — 

KgrO, OEs, ONas. 
Tested a fresh por- 
tion of solution spe- 
cially for K by adding. 
Ha arid PtCl4, yet' 
low crystaUine preci- 
pitate. 

Presence of K. 
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Preliminary Examination for Acip. 



Experiment. 



Treated a portion of the 
powdered substance with 
concentrated SO2H02. 

Passed gases into lime- 
water and applied a light 
to the imabsorbed gas. 



Observation. 



CO and CO3 given off, 
with slight blackening 
of substance. 

White precipitate in lime- 
water ; gas burnt with 
blue flame. 



Inference. 



From decomposition of 
oxalate. 



Examination of Solution for Acid. 



Acidulated with 
HCl. 


Acidulated with 
MTOaHo. 


Acidulated with - SoH 


No precipitates. 


"No precipitates. 


CaCl^ &• white p.p. 
SOsCao" 

Presence of { ggg^- 



Found Potasslc Oxalate. 



(B.) EXAMINATION OF A COMPOUND SUBSTANCE. 

Preliminary Examination for Bases. 
Compound given : a dirty white powder. 



Experiment. 



Heated some of the pow- 
dered substance in a dry 
test-tube. 



Heated a portion of the 
substance, mixed with 
CONaos, in a bulb-tube. 

Heated some of the pow- 
dered substance on char- 
coal before the blowpipe 
flame. 



Observation. 



Substance fused. Gave 
heavy white fumes, 
which condensed in the 
upper part of the tube. 

Gave off reddish-brown 
fames and a gas which 
supported combustion. 
The residue was yel- 
lowish, whilst hot, dirty 
white, on cooling. 

MTHs given off. Mirror 
and metallic globules. 

Substance gave off heavy 
fumes, and was partly 
reduced to the metallic 
state. The metal was 
malleable ; the incrus- 
tation yellow. 

A portion of the ignited 
mass appeared strongly 
luminous. 



Inference. 



Compounds of Am, 
Hg, As, etc. 



From decomposition of 
nitrates of Fb, Bi, 
etc. 



Am and Hg com- 
pounds. 

Pb. 



Alkaline earthy bases. 



218 

Examination of Solution fob Bases. 

Substance dissolved partly in water, partly in HCl, with evolntion 
of CO3. On mixing the two solutions, acicular crystals of 
PbCL| fell out. Filtered off. Confirmed presence of lead by 
means of Cr02Ko3 or S02Ho3. 



Passed a current of 



A black p.p. 



Evaporated filtrate to dryness, with a f 'w drops of If O3H0. 
Took up with dilute HCl. Added AmCl, AmUo, and S Amj. 



No p.p. 

Absence of G-roup III. 



To the same solution added COAmos. 



A white p.p. 



On evaporating filtrate to 
dryness, and iirnitiiig, 
no fixed residue was 
left. 

Aliseiice of Mg, K, Na. 



Examination op Precipitate produced in Group II. 



Washed precipitate till free from HCl, and boiled with SAmj. 



Residue. — ^Boiled with MTO^Ho. Diluted with OH,, and 
added dilute SO2H02 and methylated spirit. Filtered. 



Eesidue. — Boiled in ammonic acetate, 
and filtered. 



Residue. — Dried and Solution. — ^Added 



ignited in a bulb- 
tube, with dry 
CONao2. Metallic 
mirror and glo- 
bules. Presence 
of Hff. 



OrOaKoa, yel- 
low precipitate. 
Presence of 
Pb. 



Solution. — SH3 ad- 
ded to a portion 
of solution gave no 
precipitate. Ab- 
sence of Bi, Cu, 
Cd. 



Solution. — Acidu- 
lated with dilute 
HCl. No yellow 
precipitate. Ab- 
sence of As, 
Sb, and Sn. 



Examination of Precipitate produced in Group IV. 



Dissolved precipitate in a little dilute HCl. Tested a portion of the solution 
with SOaCao'' — no precipitate, even after some time. Absence of Ba and Sr« 
Confirmed presence of Ca by adding to another portion of the solution AmHo 

and «< Sq Ajn^' "^ white precipitate. Presence of Ca. 
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Preliminary Examination for Acids. 



Experiment. 



Treated with dilute HCl. 

Treated with concentrated 

SOiHog. 
Confirmed HCl by heating 

substance with lIKnOs 

and SO2H03. 
Ditto MTO^Ho by means of 

8O2H02 and SOsFeo''. 



Observation. 



Effervescence. The gas 
precipitated lime-water. 
CI and nitrous fumes. 

Chlorine evolved. 



A brown ring was formed. 



Inference. 



CO3. 
Ha and 
HCl. 

irOsHo. 



rOaHo. 



Examination of Solution for Acids. 

Prepared solution by boiling some of the powder with a solution of 

CONaoa ; filtered, and acidulated with — 



HCl. 


irOaHo. 


JOHs 
I OOHo- 


Neutral solution. 


"No precipitates. 


MTOjAgo, white curdy 
p.p., soluble in 
AmHo. Presence 
of HCl. 


No precipitates. 


No precipitates. 



Pound— Bases : BgrO, PbO, CaO, OAmg. 
Acids : CO2, ITOj^Ho, HCL 
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Cyanogen 

preparation of 



)> 



PAGB 

....33j 63 
131, 137 
.... 69 
.... 40 
.... 8 
8, 46, 131 
.... 8 
.... 96 
.... 154 
.... 164 

.... X\i) JJ 

.... xvit 
.... l.'ilris 

.... 145 
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63 
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68 
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4 
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H. 
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26 
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.... 131 
....94^ 96 
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copper .... .... .... 63 

Hyalite 139 
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„ „ preparation of .... 129 
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FAOB 

Uydrocyanic acid, preparation of 149 
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.... 160 

16 
.... 122 

16 
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.... 206 

.... OQ 
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Jamesonite 
Javelle, ean de .... 



66 

80 



M. 

Magnesite 

Magnesium, occurrence in nature 

„ reactions of 

Magnetic iron ore 

»» » pyrites 

Malachite .... 

Mant^anates 

Manganese 

blende 

reactions of 

Manganic acid 

Manganite 

Mangan Kiesel 
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„ preparation of 

„ properties of. 
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58 

57 
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FAGS 

Metalfl, analytical classification 
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Metantimoniates 75 

Metantimonic acid 75 

Metantimonious acid .... .... 75 

Metantimonites 75 

Metaphosphoric acid .... .... 137 

Metasulphantimonites .... .... 56 

Metastannic acid .... .... 71 

Methyl 158 

JM-ica .... .... .... .... XtSX 

Micaceous iron ore 33 

Millerite 21 

Mimetesite 79 

Minium 101 

Mispickel 33, 78 

Mountain bine, or copper azure .... 63 

Mundic 33 



N. 



Needle iron ore 33 

„ UXc •••• ••.• •••• OX 

Nessler's test for traces of am- 
monia 10, 209 

Nickel, reactions of 21 

„ arsenical 21 

„ glance 21, 78 
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„ separation from cobalt .... 24 
Nitrates, detection of, in the pre- 
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C L. Bloxam 

CHEMISTRY, INORGANIC and ORGANIC : 
With Experiments. By Charles L. Bloxam, Pro- 
fessor of Chemistry in King's College, London; Pro- 
fessor of Chemistry in the Department for Artillery 
Studies, Woolwich. Second Edition. With 295 En- 
gravings on Wood 8vo, i6s. 

*^* It hai been the author's endoavour to produce a Treatise on 
Chemistry sulEciently comprehensive for those studying the science 
as a branch of general education, and one which a student may 
peruse with advantage before commencing his chemical studies at 
one of the colleges or medical schools, where he will abandon it for 
the more advanced work placed in his hands by the professor. The 
special attention devoted to Metallurgy and some other branches of 
Applied Chemistry renders the work especially useful to those who 
are being educated for employment in manufacture. 

scientific men. . . It is as- 
tonishing how much information 



" Professor Bloxam has given 
us a most excellent and useful 
practical treatise. His 666 pages 
are crowded with facts and expe- 
riments, nearly all well chosen, 
and many quite new, even to 



he often conveys in a few para- 
graphs. We might quote fifty 
instances of this." — Chemical 

News, 



By the same Author 

LABORATORY TEACHING: Or, Progressive 
Exercises in Practical Chemistry, with Analytical Tables. 
Second Edition. With 89 Engravings. Crown 8vo, 
5 s. 6d. 
*^* This work is intended for use in the chemical laboratory by 
those who are commencing the study of practical chemistry. It does 
not presuppose any knowledge of chemistry on the part of the pupil, 
and does not enter into any theoretical speculations. It dispenses 
with the use of all costly apparatus and chemicals, and is divided 
into separate exercises or lessons, with examples for practice, to faci- 
litate the instruction of large classes. The method of instruction 
nere followed has been adopted by the author, after twenty*three 
years' experience as a teacher in the laboratory. 



iv Messrs Churchill's Works 



John E. Bowman and C, L, Bloxani 

PRACTICAL CHEMISTRY, Including Analy- 
sis. By John £. Bowman and C. L. Bloxam. Sixth 
Edition. With 98 Engravings on Wood. 

[Fcap. 8vo, 6s. 6d. 

*«* The intention of this work is to furnish to the beginner a 
text-book of the practical minutia of the laboratory. The various 
processes employed in analysis, or which have been devised for the 
illustration of the principles of the science, are explained in language 
as simple as possible. This edition has been embellished with a 
large number of additional wood engravings from sketches made in 
the laboratory. 

Also 

MEDICAL CHEMISTRY. Fourth Edition, with 
82 Engravings on Wood. . . Fcap. 8vo, 6s. 6d. 

*^* Tiiid v\ ork gives instructions for the examination and analysis 
of urine, blood, and a few other of the more important animal pro- 
ducts, both healthy and inorbid. It comprises also directions for 
the detection of poisons in organic mixtures and in the tissues. 



Albert % Bernays 

NOTES FOR STUDENTS IN CHEMISTRY : 

Being a Syllabus of Chemistry and Practical Chemistry. 
By Albert J. Bernays, Professor of Chemistry at St. 
Thomas's Hospital. Fifth Edition, Revised. 

[Fcap. 8vo, 3s. 6d. 

*»* A new feature is an Appendix giving the doses of the chief 
chemical preparations of the *' Materia Medica.*' 



'•The new notation and no- 
menclature are now exclusively 
used. We notice additional notes 



in apparently every paragraph in 
the book, and a close revision of 
the whole." — Scientific Opinion^ 



y, Cafnpbell Brown 

ANALYTICAL TABLES for STUDENTS of 
Practical Chemistry. By J. Campbell Brown, D.Sc. 
Lond., F.CS 8vo, 2s. 6d. 



G, Fownes 

MANUAL OF ELEMENTARY CHE- 
MISTRY, Theoretical and Practical, By G. Fownes, 
F.R.S. Edited by Henry Watts, B.A., F.R.S. Eleventh 
Edition. With Wood Engravings - Crown 8vo, 15s. 



Remigius Fresenms 

QUALITATIVE ANALYSIS. 

By C. Remigius Fresenius. Edited by Arthur 
Vacher. Eighth Edition, with Coloured Plate of Spectra 
and Wood Engravings. . . . 8vo, 12s. 6d. 

By the same Author 

QUANTITATIVE ANALYSIS. 

Edited by Arthur Vacher. Fifth Edition, with Wood 
Engravings 8vo, 12s. 6d. 

Robert Galloway 

THE FIRST STEP IN CHEMISTRY : 

A New Method for Teaching the Elements of the 
Science. By Robert Galloway, Professor of Applied 
Chemistry in the Royal College of Science for Ireland. 
Fourth Edition, with Engravings. Fcap. Svo, 6s. 6d. 

By the same Author 

THE SECOND STEP IN CHEMISTRY: 

Or the Student's Guide to the Higher Branches of the 
Science. With Engravings . • Fcap. Svo, los. 

Also 
A MANUAL OF QUALITATIVE ANALY- 
SIS. Fifth Edition, with Engravings. Post Svo^ 8s. 6d. 

Also 

CHEMICAL TABLES. 

On Five Large Sheets, for School and Lecture Rooms. 

Second Edition, the Set 4s. 6d. 

**We can always give praise 
to Mr. Galloway's ^ucaticnal 
works. They are invariably writ- 
ten on a system and founded oti 
experience, and the teaching is 
clear, and in general complete." 
— Chemical Neivs, 



" Mr. Galloway has done much 
to simplify the study of chemistry 
bytheinstnictivemannerin which 
he places the principal details of 
the science before his readers.'* 
— British Medical Journal, 
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T. Griffiths 

CHEMISTRY OF TEtE FOUR SEASONS: 
Spring, Summer, Autumn, Winter. By T. Griffiths. 
Second Edition, with Engravings. Fcap. 8vo, 7s. 6d. 



U, J, Kay-Shuttleworth 

FIRST PRINCIPLES OF MODERN CHE- 
MISTRY. By U. J. Kay-Shuitleworth, M.P. 
Second Edition .... Crown 8vo, 4s. 6d. 

** We can recommend the 
book. " — Athenmitn, 



** Deserving warmest commen* 
dation.'* — Popular Science Rev, 



Francis Sutton 

HANDBOOK OF VOLUMETRIC ANALYSIS, 

or, the Quantitative Estimation of Chemical Substances 
by Measure applied to Liquids, Solids, and Gases. By 
Francis Sutton, F.C.S., Norwich. Second Edition. 

With Engravings 8vo, 12s. 

*»* This work is adapted to the requirements of pure Chemical 
Research, Pathological ChemiBtry, Pharmacy, Metallurgy, Manu- 
facturing Chemistry, Photograpl:^, &c., and for the Viduation of 
Substances used in Commerce, Agriculture, and the Arts. 

**Mr. Sutton has rendered an essential service by the compilation 
of his work.'- — Chemical Nrdis, 



Arnold J. Coo ley and R, V, Tuson 

A CYCLOPAEDIA OF PRACTICAL 

RECEIPTS* PROCESSES, AND COLLATERAL 
INFORMATION IN THE ARTS, MANUFAC- 
TURES, PROFESSIONS, AND TRADES : Includ- 
ing Pharmacy and Domestic Economy and Hygiene. 
Designed as a Comprehensive Supplement to the Phar- 
niacopoeias and General Book of Reference for the 
Manufacturer, Tradesman, Amateur, and Heads of 
Families. By Arnold J. Cooley. Fifth Edition, 
with Engravings. 8vo, 28s. 

^^AMES OF THOSE WHO HAVE CONTRIBUTED TO/ OR ASSISTED IN 

THE REVISION OF, THIS EDITION 

John Attfield, Ph.D.,F.C.S. | Edmund Neison, F.C.S. 

J. WortleyAxe j George Phillips, F.C.S. 

Lloyd Bullock, F.C.S. : Willlam Pritchard 

E. L. Barret, B.Sc., F.C.S. j A. E. Sansom, M.D. Lond., 



E. Canton, F.R.C.S. 
Spencer Cobbold, M.D., 

F.R.S. 
Stephen Darby, F.C.S. 
Dr. De Vrij, of the Hague 
William Harkness, F. R. M. S, 
C. W. Heaton, F.C.S. 



M.R.C.P. 
J. B. Simonds 
John Spiller, F.C.S. 
John Stbnhouse, LLD., 

F.R.S. 
Richard V. Tuson, F.CS. 

{Editor). 
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JV, G, Valentin 

INTRODUCTION to INORGANIC CHE- 
MISTRY. By Wm. G. Valentin, F.C.S., Principal 
Demonstrator of Practical Chemistry in the Royal 
School of Mines' and Science Training Schools, South 
Kensington. With 82 Engravings. . 8vo, 6s. 6d. 

Also 

QUALITATIVE CHEMICAL ANALYSIS. 

With Engravings. 8vo. 



R, tVagner and JV, Crookes 

HANDBOOK OF CHEMICAL TECHNO- 
LOGY. By Rudolf Wagner, Ph.D., Professor 
of Chemical ^Technol(>gy at the University of Wurtz- 
burg. Translated and Edited from the Eighth German 
Edition, with Extensive Additions, by William 
Crookes, F.R.S [8vo, 25s. 

*J' Under the hekd of Metallurgical Chemistry, the latest 
methods of preparing Iron, Colialt, Nickel, Copper, Copper Salts, 
Lead and Tin and their Salts, Bismuth, Zinc, Zinc Salts, Cadmium, 
Antimony, Arsenic, Mercury, Platinum, Silver, Gold, Manga- 
nates, Aluminium, and Magnesium are described. The various 
applications of the Voltaic Current to Electro -Metallurgy follow 
under this division. The Preparation of Potash and Soda Salts, 
the Manufacture of Sulphuric Acid, and the Recovery of Sulphur 
from Soda-waste, of course occupy prominent places in the consi- 
deration of Chemical Manufactures. It is difficult to over-estimate 
the mercantile Value of Le Mold's process, as well as the many new 
and important applications of Bisulphide of Carbon, l^fie Manu- 
facture of Soap will be found to include muc!i detail, 'the Tech- 
nologj' Off Glass, Stcmeware, liffles, and Mortars, will presient much 
of interest to the builder and eftgineer. The Technology of Vege- 
table Fibres has been considered to indvde the Preparation of Flax, 
Hemp, Cotton, as well as Paper Making ; while the applications 
of Vegetable Products Will be found to inclu(i6 Sugfar-bbflmg, Wine 
arid Beer Brewing, the Distillatiol* of Spirit*, th6 Baking of Bread, 
the Preparation of Vinegar, the Preservation of Wood, &c. 
Dr. Wagner gives much imormation in reference to the production 
of Potash from (Sugar residues. The use of Baryta Salts is also 
full^ describe, as well i& the Prefparation of Sugar from Beet-roots. 
Tantilfjg, thft PreservatioTl of Meat, Milk, &c., the Preparation of 
Phosphorus and Animal Charcoal, are considered as belonging to 
fhe Technology of Animal Products. The Preparation of the 
Materials for dyeing has necessarily Required much space ; wjiile 
the final sections of the bojok have t>een devoted to the Technology 
of Heating fuid Illumination. 
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y. Forbes Royle and F. W, Headland 

A MANUAL OF MATERIA MEDICA. 

By J. Forbes Royle, M.D., F.R.S., and F. W. Head- 
land, M.D., F.L.S. Fifth Edition, with Engravings 

on Wood Fcap Sv^o, 12s. 6d. 

%* Thb edition has beea remodelled throughout on the basis of 
the present edition of the British Pharmacopoeia. The medicines 
of the British Pharmacopoeia will be found arranged in natural order, 
the preparations described at length, and the formulae explained. 
Other medicines and preparations, mentioned only in the London 
Pharmacopoeia of 185 1, arc separately described and included in 
brackets. All remedies of value, whether officinal or not, are 
noticed in their place in this Manual. 



* * This Manual is, to our minds, 
unrivalled in any language for 
condensation, accuracy, and com- 



pleteness of information." — Bri- 
tish Medical yotimaL 



Adolphe Wahltuch 

A DICTIONARY OF MATERIA MEDICA 
AND THERAPEUTICS. By Adolphe Wahltuch, 

M.D. 8vo, 15s. 

*«* The purpose of this work is to give a tabular arrangement of 

all drugs specified in the British Pharmacopoeia of 1867. Every 

table is divided into sue parts : — (i) Ihe Name and Synonytns ; 

(2) Character and Properties or Composition ; (3) Physiological 

Effects and Therapeutics ; (4) Form and Doses ; (5) Preparations ; 

(6) Prescriptions* Other matter elucidatory of the Pharmacopoeia is 

added to the work. 

" A very handy book."— Ztf«r^/. 

Peter Squire 

COMPANION TO THE BRITISH PHAR- 

MACOPCEIA. With Practical Hints on Prescribing ; 
including a Tabular Arrangement of Materia Medica for 
Students, and a Concise Account of the Principal Spas 
of Europe. By Peter Squire, Chemist in Ordinary to 
the Queen and the Prince of Wales ; late President of 
the Pharmaceutical Society. Eighth Edit. 8vo, los. 6d. 

By the same Author 

THE HOSPITAL PHARMACOPOEIAS OF 

LONDON arranged in Groups for Easy Reference 
and Comparison. Second Edition. . Fcap 8vo, 5s. 

LIST OF THE HOSPITALS 

Charing Cross — Consumption — Diseases of the Chest — Fever — 
Guv's — ^iSng's College — London — London Ophthalmic — Middlesex 
—St. Bartholomew's— St. George's— St, Mary's— St Thomas's— 
Skin — University College — Westminster— Westminster Ophthalmic. 
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y. B, Smith 
PHARMACEUTICAL GUIDE. 

By John Barker Smith. . Crown 8vo, 6s. 6d. 

first and second examinations 

Latin Grammar — Fractions — Metric System — Materia 
Medica — Botany — Pharmacy — Chemistry — Pre- 
scriptions. 



yohfi Steggall 

FIRST LINES FOR CHEMISTS AND 

DRUGGISTS preparing for Examination at the Phar- 
maceutical Society. By John Steggall, M.D. Third 
Edition. i8mo, 3 s. 6d. 

contents 

Thermometers. 
Specific Gravity. 
Weights and Measures. 

Questions on Pharmaceutical 
Chemistry and Materia Me- 
dica. 



, Notes on the British Pharma- 

I copocia, the Substances ar- 

ranged alphabetically. 
Table of Preparations, conta'n- 
iog Opium, Antimony, Mer- 
cury, and Arsenic 
Classification of Plants. 
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y Btrkbeck Nevins 

THE PRESCRIBER'S ANALYSIS OF THE 

BRITISH PHARMACOPCEIA OF 1867. By J. 
BiRKBECK Nevins, M.D. Lond., Lecturer on Materia 
Medica in the Liverpool Royal Infirmary Medical 
School. Third Edition, Revised and Enlarged. 

[Royal 32mo, 3s. 6d. 

yonathan Pereira 

SELECTA E PR^ESCRIPTIS : 

Containing Lists of the Terms, Phrases, Contractions, 
and Abbreviations used in Prescriptions, with Explana- 
tory Notes ; the Grammatical Construction of Prescrip- 
tions^ Rules for the Pronunciation of Pharmaceutical 
Terms; a Prosodiacal Vocabulary of the Names of 
Drugs, &c. ; and a Series of Abbreviated Prescriptions 
illustrating the use of the preceding terms. To which is 
added a Key, containing the Prescriptions in an Unab- 
breviated Form, with a Literal Translation for the Use 
of Medical and Pharmaceutical Students. By Jonathan 
Pereira, M.D., F.R.S. Fifteenth Edition. [32mo, 5s. 
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Henry Beasley 

THE POCKET FORMULARY AND 

SYNOPSIS OF THE BRITISH AND FOREIGN 
PHARMACOPCEIAS ; Comprising Standard and ap- 
proved Formulae for the Preparations and Compoimds 
employed in Medical Practice. By Henry Beasley. 
Ninth Edition i8mo, 6s. 

By the same Author 

THE DRUGGISTS GENERAL RECEIPT- 
BOOK : Comprising a Copious Veterinary Formulary 
and Table of Veterinary Materia Medica ; Patent and 
Proprietary Medicines, Druggists' Nostrums, &c. ; Per- 
fumery, Skin Cosmetics, Hair Cosmetics, and Teeth 
Cosmetics ; Beverages, Dietetic Articles and Condi- 
ments ; Trade Chemicals, Miscellaneous Preparations 
and Compounds used in the Arts, &c. ; with useful 
Memoranda and Tables. Seventh Edition. i8mo, 6s. 

Also 
THE BOOK OF PRESCRIPTIONS: 

Containing 3,000 Prescriptions collected from the Prac- 
tice of the most eminent Physicians and Surgeons, 
English and Foreign. Fourth Edition. [i8mo, 6s. 



" Mr. Beasley's * Pocket For- 
mulsiry,* 'Druggist's Receipt- 
Book/ and * Book of Prescnp- 
tions,' form a eompact library 



of reference admirablv suited for 
the dispensing desk." — Chemist 
and Dniggist, 



F, H. Lescher 
AN INTRODUCTION to the ELEMENTS of 
PHARMACY. By.F. Harwood Lescher. Fourth 
Edition 8vo, 7s. 6d. 

Sec. I. Materia Medica : Characteristics of Drtigs ; Geogra- 
phical Sources ; Detection of SF'«rk)Tis Specimens. 
II. Botany : Sketch of Organs, with their Functions ; 
Groupings of the Characteristics ; Natural Orders. 
HI. CrtEMfSTRY : Otif lifts of Physics ; Simple Ptlmary Ana- 
lysis ; Detection of Adulterations \ Poisons — Tests and 
Antidotes ; Organic and Inorganic Chemicals. 
IV. Pharmacy : Pharmacopoeia ; Preparations ; Active In- 
gredients. 
V. Prescriptions : The Latift Language ; Exaflnfples, with 
Errors and Unusual Doses ; Tables of Doses. 
VI. Practical Dispensing : Groupings of Strengths of 
Solutions ; Emulsion^ ; frills, &c. ; Changes m Mix- 
tures. 
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William Stowe 
A TOXICOLOGICAL CHART, 

Exhibiting at one view the Symptoms, Treatment, and 
Mode of Detecting the Various Poisons, Mineral, Vege- 
table, and Animal. To which are added concise Direc- 
tions for the Treatment of Suspended Animation. By 
William Stowe, M.R.C.S.E. Thirteenth Edition. 

[Sheet, 2s. ; Roller, 5s. 



G* C. Wittstein 

PRACTICAL PHARMACEUTICAL CHE- 
MISTRY : an Explanation of Chemical and Pharma- 
ceutical Processes; with the Methods of Testing the 
Purity of the Preparations, deduced from Original Ex- 
periments. By Dr. G. C. WiTTSTEiN. Translated from 
the Second German Edition by Stephen Darby. 

[i8mo, 6s. 

^* It would be impossible too strongly to reoommeod this work to 
the beginner, for the completeness of its explanations, by following 
which he will become well grounded in practical chemistry." — 
From the Introduction by Dr, Buchner, 



THE PRESCRIBER'S PHARMACOPCEIA : 

The Medicines arranged in Classes according to their 
Action, with their Composition and Doses. By A 
Practising Physician. Fifth Edition. 

[Fcap i6mo, cloth, 2s. 6d.; roan tuck, 3s. 6d. 



THE PHARMACEUTICAL JOURNAL AND 
TRANSACTIONS. PabKshed weekly . . Price 4cl. 
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THE YEAR-BOOK OF PHARMACY: 

Containing the Proceedings at the Yearly Meeting of 
the British Phannaceutical Conference, and a Report on 
the Progress of Pharmacy, which includes notices of 
ail Pharmaceutical Papers, new Processes, Preparations, 
and Formulae published throughout the world. Pub- 
lished annually [8vo, 7s. 6d. 

/?. V, Tuson 

A PHARMACOPCEIA, INCLUDING THE 

OUTLINES OF MATERIA MEDICA AND 
THERAPEUTICS, for the Use of Practitioners and 
Students of Veterinary Medicine. By Richard V. 
Tuson, F.C.S., Professor of Chemistry and Materia 
Medica at the Royal Veterinary College. Second 
Edition \I n preparatiotu 



"Not only practitioners and 
students of veterinary medicine, 
but chemists and dxtiggists will 



find that this book supplies a 
want in veterinary literature. " — 
Chemist and Druggist, 



Robert Bentley 

A MANUAL OF BOTANY: 

Including the Structure, Functions, Classifications, Pro- 
perties, and uses of Plants. By Robert Bentlev, 
F.L.S., Professor of Botany, King's College, and to the 
Pharmaceutical Society. Second Edition, with 1,127 
Wood Engravings . . . Fcap. 8vo, 12s. 6d. 

** As the standard manual of botany its position is undisputed.'* 
— Chemist and Druggist. 

IV. B. Carpenter 

THE MICROSCOPE AND ITS REVELA- 
TIONS. By W. B. Carpenter, M.D., F.R.S. Fourth 
Edition, with more than 500 Wood Engravings. 

[Fcap. 8vo, i2§. 6d. 

*«* The author has aimed to combine within a moderate compass 
that information in regard to the use of his instrument and its 
appliances, which is most essential to the working microscopist, 
with such an account of the objects best fitted for his study as may 
qualify him to comprehend what he observes, and thus prepare him 
to benefit science, whilst expanding and refreshing his own mind. 
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y. H, Martin 

A MANUAL OF MICROSCOPIC MOUNT- 

ING ; with Notes on the Collection and Examination of 

Objects. By John H. Martin, author of " Microscopic 

Objects." With upwards of loo Engravings. 

[8vo, 7s. 6d. 

*»* The aim of this work is to supply the student with a concise 

manual of the principles of microscopic mounting, and to assist his 

progress in the manual dexterity, as far as illustrations and words 

render it possible, necessary in their applicalion. 



THE QUARTERLY JOURNAL OF MICRO- 
SCOPICAL SCIENCE. (Established in 1852.) Edited 
by Dr. J. F. Payne, Demonstrator of Morbid Anatomy 
at St. Thomas's Hospital, and Mr. E. Ray Lankester, 
Natural Science Fellow of Exeter College, Oxford. 

[Annual Subscription, 163. ; Single Numbers, 4s. 
*»* The Memoirs are, when needful, illustrated by Lithographic 

Plates, many of which are Coloured. The Journal contains, in 

addition, Notes and Memoranda, Reviews of Books, Quarterly 

Chronicle, and Proceedings of Societies. 

J, Fayrer 

THE THANATOPHIDIA OF INDIA; being 

a Description of the Venomous Snakes of the Indian 
Peninsula. With an Account of the Influence of their 
Poison on Life, and a Series of Experiments. By J. 
Fayrer, M.D., C.S.I., Honorary Physician to the 
Queen ; late President of the Asiatic Society of Bengal. 

With 31 Plates (28 Coloured) . . Folio, 7/. 7s. 



y, Reay Greene 

TABLES OF ZOOLOGY : indicating the Tribes, 
Sub-Orders, Orders, and Higher Groups of the Animal 
Kingdom, for Students, Lecturers, and others. By J. 
Reay Greene, M.D., Professor of Natural History in 
the Queen's University in Ireland. Three large sheets, 
7s. 6d. the set ; or, mounted on canvas, with roller and 
varnished i8s. 

*^ These Tables have been carefully prepared in accordance with 
the present state of science, and with a view to remove the difficul- 
ties which arise from the various opinions held by different zoologists. 
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r. J7. Huxley 

A MANUAL OF THE ANATOMY OF 

VERTEBRATED ANIMALS. By Prof. Huxley, 

LL.D., F.R.S. With numerous Engravings. 

[Fcap. 8vo, I2S. 
By tht same Author 

INTRODUCTION to the CLASSIFICATION 

of ANIMALS. With Engravings . . 8vo, 6s, 

W, M, Ord 

NOTES ON COMPARATIVE ANATOMY: 

a Syllabus of a Course of Lectures delivered at St. 
Thomas's Hospital. By William Miller Ord, M.B. 
Lond., M.R.C.P., Assistant-Physician to the Hospital, 
and Lecturer in its Medical School. , Crown 8vo, 5s. 



" Compact, lucid, and well 
arranged. These Notes will, if 
well used, be valuable to learn- 
ers, perhaps still more so to 
teachers. " — Nature, 



* * We have gone through it 
careftilly, and we are thoroughly 
satisfied with the manner in 
which the author has discharged 
his task." — Pop. Science Review. 
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yokn Shea 

A MANUAL OF ANIMAL PHYSIOLOGY. 
With Appendix of Examination Questions. By John 
Shea, M.D., B.A. Lond. With numerous Engravings. 

[Fcap. 8vo, 5s. 6d. 

VESTIGES of the NATURAL HISTORY 

OF CREATION. With 100 Engravings on Wood. 
Eleventh Edition . . . . Post 7s. 6d. 

R, G. Mayne 

MEDICAL VOCABULARY: 

An Explanation of all Names, Synonymes, Terms, and 
Phrases used in Medicine and the Relative Branches 
of Medical Science, giving their correct Derivation, 
Meaning, Application, and Pronunciation. Intended 
specially as a Book of Reference for the Young Student. 
Third Edition. [Fcap 8vo, 8s. 6d. 



**We have referred to this 
work hundreds of times, and have 
always obtained the information 
we required. . . Chemical, 



Botanical, and Pharmaceutical 
Terms are to be found on almost 
every page.** — Chemist and 
Druggist. 



« 
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Lake Price 

A MANUAL OF PHOTOGRAPHIC MANI- 
PULATION. By Lake Price. Second Edition, 
Revised and Enlarged, with numerous Engravings. 

[Crown 8vo, 6s. 6d. 
♦^* Amongst the Contents are the Practical Treatment of Por» 
traits' — ^^ Groups in the Studio — Landscapes — Groups in Open 
Air — Instantaneous Pictures — Animals — Architecture — Marine Sub- 
jects — -Still Life — Copying of Pictures, Prints, Drawings, Manu- 
scripts, Interior^ — Stereoscopy in Microphotography, &c,, and 
Notices of the last Inventions and Improvements in Lenses, Appa* 
ratus, &c. 



** In these days, when nearly 
every intelligent person can, after 
a few weeks, master the manipu- 
latory details of our art-science, 
attendon to the artistic treat- 
ment of subjects is a matter for 
the serious consideration of the 



Photographer ; and to those who 
desire to enter on this path, 
Mr. Lakb PRICS) in the volume 
before us, proves himself to be 
* a guide, philosopher, and 
friend."— 7>5^ BrifisA Journal 
of Photography . 



C Brooke 

THE ELEMENTS OF NATURAL PHILO- 
SOPHY. By Charles Brooke, M.B., M.A., F.R.S. 
Based on the Work of the late Dr. Golding Bird. 
Sixth Edition, with 700 Engravings on Wood. 

[Fcap 8vo, I2S. 6d. 

CONTENTS 

I, Elementary Laws and Properties of Matter : Internal or 
Molecular Forces— 2, Properties of Masses of Matter : External 
Forces — 3, Statics — 4, The Mechanical Powers, or Simple Machines 
— 5, Principles of Mechanism — 6, Dynamics — 7, Hydrostatics — 
8, Hydrodynamics— 9, Pneumatics — 10, Acoustics — 11, Magnetism; 
Diamagnetism— 12, Franklinic Electricity — 13, Voltaic Electricity 
— 14, Electro-Dynamics — 15, Electro-Telegraphy — 16, Thermo- 
Electricity— 17. Organic Electricity — 18, Catoptrics and Dioptrics 
— 19, Chromatics — 20, Optical Instruments— 21, Polarised Light — 
22, Chemical Action of Light : Photography — 23, Thermics — 
24, Radiant Heat. 



H, M, Noad 

THE INDUCTORIUM, OR INDUCTION 

COIL : Being a Popular Explanation of the Electrical 
Principles on which it is constructed. By Henry M. 
Noad, Ph.D., F.R.S./ Lecturer on Chemistry at St. 
George's Hospital Medical School. Third Edition, with 
Engravings . Fcap 8vo, 3s. 
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The following Catalogues issued by Messrs 
Churchill will be forwarded post free 
on application : 

r. Messrs Churchill's General List of 400 ivorhs 
on Medicine, Surgery, Midwifery, Materia Medica, 
Hygiene, Anatomy, Physiology, Cliemistry, &c., &c. 

2. Selection from Messrs Churchill's General 
List, comprising all recent works published by tltem 
mi the Art and Science of Medicine. 

3. A descriptive List of Messrs Churchill's works 
on Cliemistry, Pliarmacy, Botany, Photography, and 
otlier branches of Science. 

4. Messrs Churchill's Red-Letter List, giving 
the Titles of forthcoming New Works and Nezv 
Editions. 

[Published erecy October.] 

g. The Medical Intelligencer, an Annual List of 
New Works and New Editions publislied by Messrs 
y. & A. Churchill, togetlier with Particulars of the 
Periodicals issued from their House. 

[Stnt in January nfeachyMr to every Medical P'iWliiioner 
in the LI iiited Kingdom whose name and uddress can be 
ascertained. A large number are also sent lo the United 
Slates of America, Continental Europe, India, and the 
Colonies.] 



Messrs CHURCHILL have concluded a special arrange- 
ment with Messrs LINDSAY & BLAKISTON, of 
Philadelphia, in -nccordancc with which that Firm will 
act as their Agents for the United States of America, either 
keeping in Stock most of Messrs ChurChiJ-L's Book?, or 
reprinting tliem on Term? advantageous to Authors. Many 
of the Works in this Catalogue may therefore be easily 
obtained in America. 



tfCetoan &• Danii, Sain Prinlers, Gnat IVMmiU Street, Naymarka. 



